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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a aligning * 

u> 

apparatus and method for analyzing the causes of : 
the generation of overlapping errors and further 
improving overlapping accuracy. 

SOLUTION: A plurality of arrangement conditions are * 
set for selecting at least two exposure regions from a 
plurality of exposure regions on a substrate. Then, 
the position of a mark for alignment regarding at least 
two exposure regions being selected under the 
plurality of set arrangement conditions is used, thus 
calculating each exposure position regarding the 
plurality of exposure regions. Based on the calculated 
exposure position, an optimum arrangement 
condition is determined out of the plurality of 
arrangement conditions. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is based on the location of the mark for alignment about at least two exposure fields 
among two or more exposure fields which can be set on a substrate. In alignment equipment 
equipped with an exposure location calculation means to compute each exposure location about said 
two or more exposure fields The multi-statement of the arrangement conditions for choosing at least 
two exposure fields from said two or more exposure fields is carried out. An operation means to 
calculate each exposure location about said two or more exposure fields for two or more set-up 
arrangement conditions of every based on the location of the mark for alignment about at least two 
exposure fields chosen under these arrangement conditions, Alignment equipment characterized by 
having a decision means to determine the arrangement conditions to which the calculation error of 
said exposure location in said exposure location calculation means becomes small out of said two or 
more arrangement conditions, based on said exposure location calculated for said two or more 
arrangement conditions of every. 

[Claim 2] A mark detection means to detect beforehand the location of each mark for alignment 
about said two or more exposure fields, It has a storage means to memorize the location of said mark 
for alignment detected with said mark detection means. Said operation means Alignment equipment 
according to claim 1 characterized by calculating the exposure location about said two or more 
exposure fields, respectively for said two or more arrangement conditions of every using the location 
of said mark for alignment memorized by said storage means. 

[Claim 3] Said two or more arrangement conditions are alignment equipment according to claim 1 or 

2 characterized by the number of said exposure fields to choose differing, respectively. 

[Claim 4] Said two or more arrangement conditions are alignment equipment according to claim 1 or 

2 by which it is differing [ the locations of said exposure field to choose ]-, respectively 

characterized. 

[Claim 5] It is based on the location of the mark for alignment about at least two exposure fields 
among two or more exposure fields which can be set on a substrate. In the alignment approach which 
computes each exposure location about said two or more exposure fields, and carries out alignment 
of said substrate based on each computed exposure location The multi-statement of the arrangement 
conditions for choosing at least two exposure fields from said two or more exposure fields is carried 
out. And it is based on the location of the mark for alignment about at least two exposure fields 
chosen under these arrangement conditions, two or more set-up arrangement conditions of every — 
The alignment approach characterized by determining the arrangement conditions to which the error 
component about said alignment becomes small out of said two or more arrangement conditions 
based on said exposure location which calculated each exposure location about said two or more 
exposure fields, and was calculated for said two or more arrangement conditions of every. 
[Claim 6] Said two or more arrangement conditions are the alignment approach according to claim 5 
characterized by the locations of said exposure field to choose differing. 

[Claim 7] Said two or more arrangement conditions are the alignment approach according to claim 5 

characterized by the number of said exposure fields to choose differing. 

[Claim 8] The aligner equipped with alignment equipment according to claim 4 from claim 1. 
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* NOTICES * 

iTPO and NCXPI are not responsible for any 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a semiconductor device, or the alignment 
equipment and the alignment approach of of the mask or the suitable reticle, and the suitable 
photosensitive substrates for an aligner (a semi-conductor wafer, plate for liquid crystal, etc.) for 
liquid crystal display component manufacture especially about the equipment and the approach of 
performing relative alignment of the substrate with which two or more processed fields aligned in X 
and the direction of Y regularly, and were formed in them, and a predetermined reference point 
[0002] 

[Description of the Prior Art] In recent years, at the lithography process of semiconductor device 
manufacture, the contraction projection mold aligner (stepper) of a step-and-repeat method is used 
abundantly as equipment which imprints a reticle pattern on a wafer by the high resolution. In this 
kind of stepper, short- wavelength-izing of exposure light and development of the projection lens of a 
high numerical aperture (N. A.) are performed with high integration of a semiconductor device, and, 
recently, the resolution on a wafer has become the sub micron (about 0.5 micrometers). In order to ' 
imprint such a high resolving pattern, the alignment (superposition) precision corresponding to the 
resolution is needed. 

[0003] Current and a stepper's alignment method have the extended wafer global alignment 
(hereafter referred to as enhancement global alignment:EGA) in use as indicated by JP,6 1-44429, A 
or JP,62-84516,A. Before performing superposition exposure to one wafer, seven shot fields located 
a core and near [ its ] a periphery a wafer among two or more shot fields formed on the wafer are 
specified as an EGA method, and the location of the mark for [ incidental to each shot field ] 2 sets 
(X, the direction of Y) of alignment is measured by the alignment sensor (sample alignment). After 
an appropriate time, based on the location measurement value and design value of these marks, a 
total of six parameters of the residual rotation of a wafer and the perpendicularity (or 
perpendicularity of a shot array) of a wafer stage are determined with statistical methods (least 
square method etc.) whenever [ offset / of the error parameter about the array property of the shot 
field on a wafer, i.e., a wafer center position, / (X, direction of Y), and flexible / of a wafer ] (X, the 
direction of Y). And as the coordinate value on that design is amended to all the shot fields on a 
wafer and a wafer is located in this amended coordinate value based on the value of this determined 
parameter, it is the method to which stepping of the wafer stage is carried out one by one. 
[0004] Since the advantage of this EGA method does not need mark location measurement after 
measuring the location of few numbers (about 3-16 pieces) of marks compared with all the shots per 
hours on a wafer in advance of ** wafer exposure, In order to recognize the array property of a shot 
field with high precision unlike what improvement in a throughput can be desired for, and the global 
alignment method of ** former, If sample alignment is performed to a number with a very at best 
still more sufficient alignment precision of shot fields also to other shot fields which did not perform 
sample alignment Each mark detection error will be equalized under a statistical operation. The 
alignment (a die Bayh die or site Bayh site method) in every shot, equivalent, or the alignment 
precision beyond it is being able to wish to all the shot fields of the whole wafer surface. 
[0005] Here, with reference to drawing 1 7 , actuation of the superposition exposure by the EGA 
method is explained briefly. The first (1st) exposure location on the design of the shot field which 
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should form Point D on a wafer in drawing 1 7 , and Point MAL are shot field SA1 st actually formed 
on the wafer. 1 st exposure location (measurement value) and Point DEG express the second (2nd) 
exposure location on the count computed by the EGA operation. Shot field SAlst In performing 
receiving superposition exposure, first, by the EGA operation (the above-mentioned transformation 
matrix), 2nd exposure location on a design (namely, 1 st exposure location D) is changed 
(amendment), and it asks for 2nd exposure location DEG (it expresses with Vector ega all over 
drawing), if it exposes after an appropriate time by carrying out stepping of the wafer stage to 2nd 
exposure location DEG - the projection image of a reticle pattern - shot field SAlst it is piled up 
and united and imprints -- having - a wafer top -- shot field SA2nd ******_ it will be formed. In 
addition, shot field SAlst measured by the alignment sensor in drawing 1 7 Shot field SA2nd actually 
formed on the wafer with 1 st exposure location MAL The gap (namely, superposition error) with 
2nd exposure location DEG (calculated value) is exaggerated and expressed with Vector Ve. 
Usually, this superposition error (vector Ve) has become zero thru/or less than a predetermined 
allowed value (about [ for example, / of minimum solution image line width of face ] 1/5), and is 
shot field SAlst. SA2nd It overlaps mostly and is formed on the wafer 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the conventional technique like the above, 
even if it performs superposition exposure of a reticle pattern to each shot field on a wafer using an 
EGA method, there is a problem that the superposition error (equivalent to the vector Ve in drawing 
17 ) cannot become less than a predetermined allowed value in no shot fields. This is considered to 
be generated when the measurement error resulting from the noise contained in configuration 
distortion and system of measurement of the mark itself exists by each actual position coordinate of a 
shot field formed on ** wafer when detecting the alignment mark of that a random position error is 
included to the position coordinate on a design by the effect of processes (development etc.) etc., and 
** shot field. However, while it has not been clearly analyzed and classified in fact by it what the 
superposition error has generated as a cause, in the stepper, evaluation to the above-mentioned error 
amount is performed. 

[0007] This invention was made in consideration of the above point, can analyze the generating 
factor of a superposition error, and aims at acquiring the alignment equipment and the alignment 
approach of raising superposition precision further. 
[0008] 

[Means for Solving the Problem] In order to solve this trouble, it sets to invention of claim 1 . It is 
based on the location of the mark for alignment about at least two exposure fields among two or 
more exposure fields which can be set on a substrate. In alignment equipment equipped with an 
exposure location calculation means to compute each exposure location about said two or more 
exposure fields The multi-statement of the arrangement conditions for choosing at least two 
exposure fields from said two or more exposure fields is carried out. An operation means to calculate 
each exposure location about said two or more exposure fields for two or more set-up arrangement 
conditions of every based on the location of the mark for alignment about at least two exposure 
fields chosen under these arrangement conditions, We decided to have a decision means to determine 
the arrangement conditions to which the calculation error of said exposure location in said exposure 
location calculation means becomes small out of said two or more arrangement conditions, based on 
said exposure location calculated for said two or more arrangement conditions of every. Moreover, 
the inside of two or more exposure fields which can be set on a substrate in invention of claim 5, In 
the alignment approach which computes each exposure location about said two or more exposure 
fields, and carries out alignment of said substrate based on each computed exposure location based 
on the location of the mark for alignment about at least two exposure fields The multi-statement of 
the arrangement conditions for choosing at least two exposure fields from said two or more exposure 
fields is carried out. And it is based on the location of the mark for alignment about at least two 
exposure fields chosen under these arrangement conditions, two or more set-up arrangement 
conditions of every - We decided to determine the arrangement conditions to which the error 
component about said alignment becomes small out of said two or more arrangement conditions 
based on said exposure location which calculated each exposure location about said two or more 
exposure fields, and was calculated for said two or more arrangement conditions of every. 
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[0009] 

[Function] In this invention, the multi-statement of the arrangement conditions for choosing said at 
least two exposure fields from two or more exposure fields (shot field SAn) is carried out on 
mutually different conditions, and the this set-up exposure location concerning said two or more 
exposure fields two or more whole arrangement conditions is calculated, respectively. And by this 
operation, based on each of said exposure location called for for said two or more arrangement 
conditions of every, respectively, out of said two or more arrangement conditions, we decided to 
determine the optimal arrangement conditions so that the error component generated according to 
said arrangement conditions might become small. 

[0010] For this reason, it is analyzable what kind of improvement is brought about on alignment 
precision under a monograph affair with evaluation of alignment precision by changing shot 
arrangement (for example, the location of the processed field for evaluation or a number) in a 
statistics operation (correction). 
[0011] 

[Example] The perspective view showing the rough configuration of the contraction projection mold 
aligner (stepper) with which drawing 2 was equipped with the alignment equipment of this 
invention, and drawing 3 are the perspective views showing the rough configuration of the 
illumination-light study system of the stepper who shows drawing 2 . As shown in drawing 3 it is 
reflected by the cold mirror 13 and the illumination light (g line, i line, etc.) of the predetermined 
wavelength region generated from an ultrahigh pressure mercury lamp 1 1 is condensed on the 2nd 
focus of the ellipse mirror 12, after being reflected in the ellipse mirror 12. Furthermore, the 
illumination light to which the condensing optical system 14 containing a collimator lens etc and the 
optical integrator (fly eye lens group) 15 were passed, and entropy of the flux of light etc. was 
performed illuminates Reticle R with an almost uniform illuminance through a condenser lens 1 8 
after resulting in a mirror 17 through the relay lens system 16 and being reflected caudad almost ' 
perpendicularly here. In addition, a KrF excimer laser etc. may be used as a source for exposure of 
the illumination light. 

[0012] The reticle alignment marks RX and RY1 for positioning Reticle R in the reticle R used as 
the projection original edition on the outside (reticle circumference side) of circuit pattern space PA 
and RY2 It is formed. Reticle R is laid on a reticle stage 19, and positioning is performed so that the 
central point RC of pattern space PA may be mostly in agreement with the optical axis AX of 
projection optics 1. a reticle stage 19 - drive motors 21 and 22 - the inside of a horizontal plane - 
two-dimensional - it is constituted movable and the migration mirrors 23 and 24 which reflect the 
laser beam from the laser beam wave interference type length measuring machines (it considers as an 
interferometer hereafter) 25 and 26 are being fixed to the edge. Interferometers 25 and 26 always 
detect the two-dimensional location of Reticle R with the resolution of about 0.01 micrometers 
Initial setting of Reticle R is the alignment marks RX and RY1 of the reticle circumference, and 
RY2. Based on the mark detection signal from the reticle alignment system (un-illustrating) which 
carries out photoelectrical detection, it is carried out by moving a reticle stage 1 9 slightly 
[0013] By the way, in this example, near the central point RC of for example, the reticle R 2 sets of 
pattern groups (the primary scale pattern RP 1 and the vernier pattern RP 2) as shown in drawing 4 
leave only predetermined spacing deltaY in the direction of Y, and are formed in it. In addition 
about the configuration of the pattern group of 2 sets of **** shown in drawing 4 , it is indicated by 
JP,63-38697,B, for example. In drawing 4 , grid pattern 70x are prepared in the direction of X at 
constant pitch, and grid pattern 70y is prepared in the direction of Y in the same pitch as pattern 70x 
The figure which sets the center of a pattern to 0 and serves as 2, 4, 6, 8, and a standard in forward 
and the negative direction is struck by each of the grid patterns 70x and 70y. The grid patterns 71 x 
and 71 y were formed as assistance of the grid patterns 70x and 70y, and work as a rude vernier here 
As mentioned above, it is the primary scale pattern RP 1 by four grid patterns. Although constituted 
especially the grid patterns 7 1 x and 7 1 y are not formed, but its ** is also good. Moreover vernier 
partem RP 2 While the grid patterns 80x and 80y to accomplish are set to a pitch with the slightly 
larger pitch than the pitch of the grid patterns 70x and 70y, each bar mark is the primary scale pattern 
RP 1. Vernier pattern RP 2 When it piles up, the configuration arrangement is carried out so that it 
may be caught between each bar mark of the grid patterns 70x and 70y. While being similarly set to 
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a slightly larger pitch than the pitch of the grid patterns 71x and 71y about the grid patterns 81x and 
81y which work as a rude vernier, the configuration arrangement of each bar mark is carried out so 
that it may be caught between each bar mark of the grid patterns 71 x and 71 y. 
[0014] now, the illumination light which passed pattern space PA as shown in drawing 2 - a single- 
sided (or both sides) tele cent -- incidence is carried out to the rucksack projection optics 1 
projection optics 1 reduces the projection image of the circuit pattern of Reticle R to 1/5 or 1/10 and 
it is laid on top of one shot field SA on the wafer W with which the resist layer was formed in the 
front face, and it carries out image formation projection. The wafer holder 2 is formed in X and the 
direction of Y minutely pivotable to the wafer stage 3 which carries out two-dimensional migration 
while it carries out vacuum adsorption of the wafer W. It is fixed on the wafer stage 3 and a drive 
motor 4 rotates the wafer holder 2. Moreover, after two-dimensional migration is carried out by the 
step-and-repeat method by drive motors 5 and 6 and imprint exposure of the reticle R to one shot 
field SA on Wafer W is completed, stepping of the wafer stage 3 is carried out to the shot location of 
a degree. The migration mirror 7 in which the plane of reflection was extended in the direction of Y 
and the migration mirror 8 in which the plane of reflection was extended in the direction of X are ' 
respectively fixed to two sides sides and the edge of the wafer stage 3 cross at right angles An 
interferometer 9 projects a laser beam on the migration mirror 8, always detects the location (or 
movement magnitude) of the direction of Y of the wafer stage 3 with the resolving power of 0 01 
micrometers, and an interferometer 10 projects a laser beam on the migration mirror 7, and it detects 
the location (or movement magnitude) of the direction of X of the wafer stage 3 with the same 
resolving power. In addition, the optical axis AX of projection optics 1 is constituted so that it may 
pass along the intersection of the length measurement shaft (center line of a laser beam bundle) of 
interferometers 9 and 10. Moreover, based on the location measurement signal from interferometers 
9 and 10 etc., although not shown in drawing 2 , the stage controller 27 (refer to drawing 1 ) is 
constituted so that migration and positioning of the wafer holder 2 and the wafer stage 3 mav be 
controlled. 3 

[0015] Moreover, in drawing 2 , it is fixed at fixed spacing from projection optics 1 and the 
alignment optical system (Fieldlmage Alignment;FIA system) 20 of the off-axis method which 
carries out expansion observation of the alignment mark on Wafer W is also shown Since it is 
indicated by JP,2-54103,A about the configuration of the FIA system 20, for example, it explains 
briefly here The FIA system 20 carries out image formation of the image of the alignment mark on a 
wafer, and the index mark on the index plate arranged by the objective lens etc. a wafer and 
conjugate on the light-receiving side of image sensors, such as ITV and a CCD camera by 
irradiating the illumination light which has predetermined wavelength width of face at Wafer W 
Video signal VS from an image sensor is inputted into the below-mentioned FIA arithmetic unit 61 
(refer to drawing 1 ) with the location measurement signal from interferometers 9 and 1 0 The FIA 
arithmetic unit 61 asks for the gap of a mark image to an index mark based on the wave of video 
signal VS, and outputs the information about a mark location when a mark image is located at the 
core of an index mark to a main control unit 50. 

[0016] Furthermore, to a stepper, the mark detection possible range (search range) is wide and the 
laser step alignment (LSA) system of the TTL (Through The Lens) method in which high-speed 
alignment measurement is possible is prepared. In addition, since it is indicated about the 
configuration of a LSA system by JP,60-130742,A or JP,2-54103,A described previously for 
example, it explains briefly here. 

[0017] | Although not illustrated, after it is expanded to a beam diameter predetermined with a beam 
expander and being orthopedically operated by the long and slender ellipse beam by the cylindrical 
lens, incidence of the laser beam generated from laser light sources, such as helium-Ne and Ar ion is 
earned out to a beam splitter 30, and it is divided into the two flux of lights. It is reflected by the ' 
mirror 3 1 and the laser beam bundle which passed the beam splitter 30 passes a beam splitter 32 and 
after converging so that the cross section may become a band-like spot light by the image formation 
lens group 33, it carries out incidence to the 1 st clinch mirror 34 arranged so that the projection 
optical path of a circuit pattern image may not be shaded between Reticle R and projection optics 1 
The 1st clinch mirror 34 turns a laser beam bundle to Reticle R, and reflects it up. The laser beam 
bundle is prepared m Reticle R bottom, carries out incidence to the mirror 35 which has a plane of 
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reflection parallel to the front face of Reticle R, and is reflected towards the core of the entrance 
pupil Ep of projection optics 1 . It converges so that a part for the axial exterior to the chief ray of 
projection optics 1 may become almost perpendicular to Wafer W, and on Wafer W, image 
formation of the laser beam bundle from a mirror 35 is carried out as a band-like spot light LYS 
extended long and slender in the direction of X toward the optical axis AX. 
[0018] Now, the spot light LYS scans relatively the alignment mark of the shape of a diffraction 
grating extended in the direction of X on Wafer W in the direction of Y, and it is used in order to 
detect the location of the mark. If the spot light LYS irradiates a mark, the diffracted light (more than 
primary light) and the scattered light will arise from a mark with specular reflection light (zero-order 
light). It is again reflected in a beam splitter 34 return and here through projection optics 1 , a mirror 
35, a mirror 34, and the image formation lens group 33, and incidence of these light information is 
earned out to the optical element 36 which consists of Pupil Ep, the spatial filter [ **** ], and 
condenser lens of projection optics 1. An optical element 36 makes the high order diffracted light 
(for example, the **l-3rd diffracted lights) or the scattered light penetrate among these light 
information, intercepts specular reflection light (zero-order light), and condenses the diffracted light 
or the scattered light to the light-receiving side of a photoelectric element 38 through a mirror 37. A 
photoelectric element 38 outputs the photoelectrical signal according to the quantity of light of the 
diffracted light which condensed, or the scattered light. As mentioned above, a mirror 3 1 , a beam 
splitter 32, the image formation lens group 33, mirrors 34 and 35, the optical element 36,'the mirror 
37, and the photoelectric element 38 constitute the alignment optical system (it is hereafter called a 
Y-LSA system) which detects the location of the direction of Y of the mark on Wafer W. 
[0019] On the other hand, incidence of another laser beam bundle reflected by the beam splitter 30 is 
carried out to the alignment optical system (hereafter referred to as X-LSA) which detects the 
location of the direction of X of the alignment mark on Wafer W. A X-LSA system consists of a 
mirror 41, a beam splitter 42, the image formation lens group 43, mirrors 44 and 45, an optical 
element 46, a mirror 47, and a photoelectric element 48 completely like a Y-LSA system, and carries 
out image formation of the band-like spot light LXS extended long and slender in the direction of Y 
on Wafer W. 

[0020] By the way, the photoelectrical signal LS from photoelectric elements 38 and 48 is inputted 
into the below-mentioned LSA arithmetic unit 60 (refer to drawing 1 ) with the location 
measurement signal from interferometers 9 and 1 0, and the LSA arithmetic unit 60 samples the 
photoelectrical signal LS synchronizing with the rise down pulse signal generated in every [ of the 
wafer stage 3 ] unit movement magnitude (0.01 micrometers). And after changing each sampling 
value into digital value and making memory memorize in order of an address, by predetermined data 
processing, the location of an alignment mark is detected and this positional information is outputted 
to a main control unit 50. In addition, the LSA arithmetic unit 60 may perform wave processing of a 
photoelectrical signal according to each reinforcement of the diffracted light and the scattered light 
in parallel, and may determine the location of an alignment mark from both detection results. 
[0021] Next, the main control unit 50 which carries out generalization control of the whole 
equipment of the above-mentioned configuration with reference to drawing 1 is explained Drawing 
1 shall be the block diagram showing the rough configuration of the control system of the equipment 
by this example, and the main control unit 50 shall always have inputted the location measurement 
signal PDS from interferometers 9 and 1 0. In drawing 1 , the signal data storage section 62 can 
memorize the data point changed into digital value, the photoelectrical signal LS 60, for example the 
LSA arithmetic unit, from the X and Y-LSA systems (photoelectric elements 38 and 48). In drawin g 
I , it is possible to also memorize video signal VS from the FIA system 20 (image sensor). The 
alignment (ALG) data storage section 501 can input the mark positional information (namely the 
array coordinate value MALn of a shot field) from both the LSA arithmetic unit 60 and the FIA 
arithmetic unit 61. The EGA arithmetic unit 502 is based on the mark positional information 
memorized by the ALG data storage section 501, and is the array coordinate value DEGn of the shot 
field on Wafer W by the statistical operation technique. It computes and the calculation result is sent 
to a sequence controller 504 and the storage section 506. With the EGA arithmetic unit 502 it is the 
array coordinate value DEGn. It precedes, and whenever [ offset / of an operation parameter i e a 
wafer center position, / (X, direction of Y), and flexible / of a wafer ] (X, the direction of Y) the 
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residual rotation of a wafer and the perpendicularity of a wafer stage, or the perpendicularity (the 
below-mentioned transformation matrices A and O) of a shot array is also computed, and these 
parameters are also stored in the storage section 506. 

[0022] Moreover, the exposure (EXP) shot map data division 503 store the exposure location on the 
design of the shot field which should be exposed on a wafer (array coordinate value Dn), and this 
design value is sent to the EGA arithmetic unit 502 and a sequence controller 504. A sequence 
controller 504 opts for a series of procedures for controlling migration of the wafer stage 3 at the 
time of alignment and exposure of a step-and-repeat method based on each above-mentioned data. 
Here, in drawing 1 , the equipments (keyboard etc.) 63 which input the command and the various 
measurement data from an operator (the below-mentioned vernier measurement value deltaV etc.), 
and the equipments (CRT etc.) 64 which display the analysis result (after-mentioned) of the 
superposition error computed by operation part 505 are shown. 

[0023] Now, the storage section 506 is an operation parameter from the EGA arithmetic unit 502, 
and the array coordinate value DEGn on count of a shot field. The input data from an input device 63 
etc. is memorized. Moreover, the data with which operation part 505 was memorized by the storage 
section 506 (the array coordinate value DEGn on count of a shot field, and vernier measurement 
value delta V), Array coordinate value MALn on measurement of the shot field memorized by the 
ALG data storage section 501 It is based. The error which produces the superposition error (vector v) 
for every shot field on a wafer at the time of analysis, i.e., mark location detection, (vector e), While 
dividing into the error (vector a) produced corresponding to the location (or the number) on the 
wafer of the shot field which should be carried out sample alignment at the time of a statistics 
operation and analyzing, the analysis result (namely, diagram of the below-mentioned location gap 
vectors v, e, and a) is displayed on a display 64. Signal-processing conditions [ in / corresponding to 
the analysis result of a superposition error furthermore / in operation part 505 / the LS A arithmetic 
unit 60 (or FIA arithmetic unit 61) ] (for example, a waveform analysis algorithm, algorithm slice 
level, etc.), It is on count, EGA shot arrangement (namely, the location of the shot field which should 
be carried out sample alignment, a number) in the EGA arithmetic unit 502 is changed (correction), 
and the vector (v) under a monograph affair, (e), and (a) are computed by simulation (detail after- 
mentioned). Moreover, the simulation result (diagram of three location gap vectors v, e, and a) in 
operation part 505 is displayed on a display 64, whenever signal-processing conditions or the 
conditions about EGA shot arrangement are changed. Therefore, an operator can know what kind of 
improvement the above-mentioned conditions will bring about on alignment precision from the 
diagram displayed on a display 64. Moreover, it is possible by an operators searching for signal- 
processing conditions and each optimal conditions of EGA shot arrangement from the above- 
mentioned result, and inputting this condition into a stepper (operation part 505) from an input unit 
63 to set up the optimal processing conditions to the LSA arithmetic unit 60 and the EGA arithmetic 
unit 502. In addition, based on the command from operation part 505, the LSA arithmetic unit 60 and 
the EGA arithmetic unit 502 are making a change of the above-mentioned conditions, respectively. 
[0024] Next, with reference to drawing 5 , the analysis approach of the superposition error in this 
example is explained. Drawing 5 is the rough flow chart Fig. showing an example of actuation of 
this example. In addition, in this example, the superposition error produced when performing 
alignment of an EGA method using the X and Y-LSA systems shall be analyzed. Now, it is the 
information SAn for which the sequence controller 504 was stored in the EXP shot map data division 
503 in the stepper who showed drawing 2 , i.e., a shot field. Stepping of the wafer stage 3 is carried 
out according to the array coordinate value on a design (Dxn, Dyn), and the sequential imprint of the 
pattern (the primary scale pattern RP 1 shown in drawing 4 ) of Reticle R is carried out on Wafer W 
(step 100). 

[0025] After the wafer W which 1st exposure ended is taken out from a stepper, a development etc. 
is performed in a non-illustrated coater developer. Consequently, as shown in drawing 6 , on Wafer 
W, two or more circuit pattern (shot field SAn) and alignment marks Mx and My are formed in the 
shape of a matrix. Furthermore, the wafer W with which the resist layer was formed in the front face 
is carried in to a stepper, and loading is carried out on the wafer stage 3. Under the present 
circumstances, in the interior of a stepper, it is the shot field SAn. It prepares for the receiving 
superposition (2nd) exposure, and only deltaY shifts Reticle R in the direction of Y in parallel to the 
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above-mentioned wafer processing. Reticle R is moved by carrying out servo control of the reticle 
stage 19 according to the location measurement signal from interferometers 21 and 22. 
Consequently, Reticle R shifts only deltaY correctly and the vernier pattern RP 2 ( drawing 4 ) is the 
primary scale pattern RP 1 at the time of 1 st exposure. It will be positioned in a coordinate location 
(step 101). 

[0026] Now, the wafer W by which loading was carried out is first laid in the precision of dozens of 
micrometers or less by mechanical PURIARAIMENTO equipment (un-illustrating) on the wafer 
stage 3. Next, a sequence controller 504 performs PURIARAIMENTO of Wafer W using the FIA 
system 20 and a X-LSA system, first, the FIA system 20 -- near the periphery of Wafer W - and the 
location of the direction of Y of two shot fields (for example, shot fields SA1 1 and SA12 in drawing 
6 ) mostly formed in the right-and-left (Y-axis) symmetric position about the wafer core is detected, 
on the other hand ~ a X-LSA system - near the periphery of Wafer W - and the location of the 
direction of X of the two above-mentioned shot fields SA1 1 and SA12 to the shot field (for example, 
the shot field SA 1 3 in drawing 6 ) which is in the equal distance mostly is detected. Furthermore, a ' 
sequence controller 504 computes the amount of location gaps of the wafer W to the rectangular ' 
coordinate system XY specified by interferometers 9 and 1 0 (a rotational error is included) based on 
the mark positional information of three shot fields stored in the ALG data storage section 501 . 
PURIARAIMENTO of Wafer W is completed by driving the wafer holder 2 and the wafer stage 3 
after an appropriate time according to this amount of location gaps. Consequently, the relative 
location gap with Reticle R and Wafer W (shot field SAn) will be amended in the precision of 1 
micrometer or less (step 102). 

[0027] By the way, shot field [ as opposed to / so that after step 1 02 (PURIARAIMENTO) 
termination (for example, exaggeratingly shown in drawing 7 ) / the moving coordinate (rectangular 
coordinate system XY) of the wafer stage 3 ] SAn The rotational error theta of the array system of 
coordinates **** (rotation which was not able to be amended in PURIARAIMENTO) remains. In 
addition, drawing 7 has shown only the shot field arranged on alpha shaft and beta shaft. 
[0028] Then, at the following step 103, the X and Y-LSA systems are used in advance of an EGA 
operation, and they are all the shot fields SAn on Wafer W. Mark location measurement is 
performed. A sequence controller 504 does stepping of the wafer stage 3 according to the array 
coordinate value on the design of the shot field stored in the EXP shot map data division 503 (Dxn 
Dyn), moves the wafer stage 3 slightly for every shot field, and does the relative scan of the spot 
light LXS and LYS and the alignment marks Mx and My of the X and Y-LSA systems. From this, 
with the LSA arithmetic unit 60, a mark location is computed under predetermined signal-processing 
conditions, and these positional information is memorized by the ALG data storage section 501 as an 
array coordinate value (MALxn, MALyn). Under the present circumstances, all shot fields SAn The 
signal data storage section 62 is made to also memorize the data point of the photoelectrical signal 
LS outputted from photoelectric elements 38 and 48 for every mark. 

[0029] Here, with reference to drawing 8 , measurement actuation of a LSA system is explained 
briefly. Drawing 8 shows an example of the situation of a relative scan with Mark Mx and the spot 
light LXS, and the wave-like situation of the photoelectrical signal LS. As shown in drawing 8 (A) 
Mark Mx has the shape of a diffraction grating which has a fixed pitch in the direction of Y which ' 
intersected perpendicularly with the relative scanning direction (the direction of X), and Mark Mx is 
scanned so that the spot light LXS may be crossed almost in parallel by jogging of the wafer stage 3. 
At this time, the signal LS from a photoelectric element 48 serves as a wave as shown in drawing 8 
(B). In the LSA arithmetic unit 60, the signal wave form like the above is compared with the 
predetermined slice level Vr, and the central point of each intersection of the standup of a signal 
wave form and the slice level Vr of falling is determined as a center position of the direction of X of 
Mark Mx. In addition, by mark configuration distortion etc., although, as for the signal wave form 
shown in drawing 8 (B), symmetry is saved, even if it is the mark of the same pitch configuration as 
drawing 8 (A), a clear peak is not acquired like drawing 8 (D) in becoming an unsymmetrical wave 
like drawing 8 (C), or what is originally one peak causes a crest crack like drawing 8 (E). In a wave- 
like case like drawing 8 (D), with a waveform analysis algorithm, it is judged by mark location 
detection that it is unsuitable, and it may reject beforehand, the case of a crest crack wave - to that 
extent - being also alike ~ although depended, when there are two adjoining peaks which were 
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. produced by the crest crack in fixed spacing decided by mark width of face, it can be regarded as one 
mark wave, and a mark center position can be measured by setup of slice level. 
[0030] Next, the technique indicated by JP,61-44429,A described previously is followed, and they 
are all the shot fields SAn on Wafer W. An array coordinate value (DEGxn, DEGyn) is computed. 
First, the EGA arithmetic units 502 are all the shot fields SAn memorized by the ALG data storage 
section 501 at step 103. The array coordinate value of two or more shot fields (for example, the shot 
field SA 1 in drawing 6 - SA7) located near the periphery of Wafer W among array coordinate 
values (MALxn, MALyn) is read. And this shot field SA 1 - SA7 that were read Based on the array 
coordinate value on measurement (MALxn, MALyn), and the array coordinate value on the design 
stored in the ALG shot map data division 504 (Dxn, Dyn), the transformation matrices A and O in 
the map relational expression (determinant MALn =A-Dn+0) shown in the regularity 1 of the shot 
array on the wafer W which should be carried out alignment by the step-and-repeat method, i.e., the 
following formulas, are determined. However, as a parameter, including each of the residual 
rotational error theta, Perpendicularity omega and the scaling errors Rx and Ry, and offset errors Ox 
and Oy, transformation matrices A are two-line two trains, and O of the transformation matrices A 
and O in the above-mentioned relational expression is the matrix of a two-line one train 
[0031] 
[Equation 1] 

I = A +0 
k M a l yn ' K Dyn J 

[0032] In addition, transformation matrices A and O are expressed with the following formulas 2 and 

[0033] 
[Equation 2] 

* sine cose * ' o i J I o R v ' 



A 

1 0 Ry 

R x • cos0 — R y (cos0 • tan o> 4- s in 9 > 



_ r * x •cose/ -Ry (.costf • tan o> 4- s in 9 ) 
Ry - sine? Ry (-sintf • tanw +cos£) > 



[0034] 
[Equation 3] 
r ° x 1 

1 O y J 

[0035] Here, to the array coordinate value on measurement (MALxn, MALyn), and the array 
coordinate value on a design (Dxn, Dyn), a remainder term (epsilonXn and epsilonYn) exists and, as 
for the shot field on a wafer, is rewritten like the formula 4 of the following [ formula / 1 / above-' 
mentioned ]. 
[0036] 
[Equation 4] 

f Malxd. { Dxd 1 r e Xn n 

I = A +0 + 

M a Lyn 1 Dyn } 1 « Yd J 

[0037] Therefore, the EGA arithmetic unit 502 determines the value of each parameter of 
transformation matrices A and O by the operation (least square method) so that the above-mentioned 
remainder term may serve as min. In addition, the computed transformation matrices A and O are 
stored in the storage section 506 like the above (step 104). The after an appropriate time and EGA 
arithmetic units 502 are all the shot fields SAn on Wafer W by the above-mentioned formula 1 . An 
array coordinate value (DEGxn, DEGyn) is computed (step 105). Therefore, if stepping of the wafer 
stage 3 is carried out according to the above-mentioned coordinate value (DEGxn, DEGyn), they 
will be all the shot fields SAn. It receives, and the projection image of a reticle pattern will pile up 
correctly, will be put together, and will be exposed. Here, the array coordinate value (DEGxn, 
DEGyn) of the shot field computed with the EGA arithmetic unit 502 is sent to a sequence controller 
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504 and the storage section 506. In addition, it is because the array coordinate value on count 
(DEGxn, DEGyn) and the array coordinate value of set [ the array coordinate value computed by the 
EGA operation / to (DEGxn, DEGyn) ] on measurement (MALxn, MALyn) necessarily correspond 
in no shot fields on a wafer in order to use the least square method by the EGA operation (detail 
after-mentioned). 

[0038] next, a sequence controller 504 does stepping of the wafer stage 3 according to a previous 
array coordinate value (DEGxn, DEGyn) - making - shot field SAn on Wafer W every ~ it exposes 
by piling up the projection image of a reticle pattern (2nd exposure). Consequently, a vernier pattern 
will be set [ it piles it up and ] and imprinted to the primary scale pattern formed by 1 st exposure 
(step 106). 

[0039] The wafer W which 2nd exposure ended is each shot field SAn, if it is taken out from a 
stepper and a development etc. is performed. Near a core, it is the primary scale pattern RP 1 . 
Vernier pattern RP 2 The overlapping vernier is formed. After an appropriate time and Wafer W are 
carried in to the observation equipment (un-illustrating) of separate installation, and it is the primary 
scale pattern RP 1 for every shot field here. Vernier pattern RP 2 The amounts delta Vx and delta Vy 
of location gaps of X and the direction of Y are measured (step 107). Thus, the amounts delta Vx and 
delta Vy of gaps for every measured shot field are inputted into the storage section 506 by the 
operator through an input unit 63 (step 108). In addition, vernier measurement may be performed 
optically, or viewing may perform, and no matter the equipment configuration and a measuring 
method may be what things, they are not cared about. Moreover, although an operator shall input a 
vernier measurement value (delta Vx, delta Vy) into a main control unit 50 in this example, you may 
constitute so that observation of a vernier and measurement may be performed, for example using 
the FIA system 20, and there is an advantage that the time and effort as which an operator inputs data 
in this case can be saved. 

[0040] Next, operation part 505 computes the true array coordinate value (MVExn, MVEyn) of the 
shot field formed by 1st exposure based on the vernier measurement values delta Vx and delta Vy 
from the storage section 506, and the array coordinate value of the shot field formed by 2nd 
exposure, i.e., the array coordinate value computed with the EGA arithmetic unit 502, (DEGxn, 
DEGyn). Here, the vernier measurement values delta Vx and delta Vy express the amount of 
location gaps of 1st shot field (primary scale pattern RP 1) to 2nd shot field (vernier pattern RP 2) 
imprinted according to the array coordinate value on count (DEGxn, DEGyn). Therefore, the true 
array coordinate value (MVExn, MVEyn) of 1 st shot field is computed by adding the vernier 
measurement values delta Vx and delta Vy as offset to the array coordinate value on count (DEGxn, 
DEGyn). This computed array coordinate value (MVExn, MVEyn) is memorized by the storage 
section 506 (step 109). 

[0041] The actual array coordinate value (DEGxn, DEGyn) of 2nd shot field where operation part 
508 was furthermore stored in the storage section 509, and the true array coordinate value of 1st shot 
field (MVExn, MVEyn), The array coordinate value on measurement of 1 st shot field stored in the 
ALG data storage section 501 (it MALxn(s)) It is based on MALyn and they are 1st shot field SAlst 
and 2nd shot field SA2nd. A superposition error (vector v) is analyzed for every shot field, and this 
analysis result is displayed on a display 64 (step 1 1 0). This situation is briefly explained with 
reference to drawing 9 . Setting to drawing 9 , for the exposure location on the design of 1 st shot 
field (coordinate values Dxn and Dyn), and Point MAL, the exposure location (coordinate values 
MALxn and MALyn) on measurement of 1 st shot field (dotted line) and Point DEG are [ Point D ] 
2nd shot field SA2nd. An actual exposure location (coordinate values DEGxn and DEGyn) and Point 
MVE are 1st shot field SAlst. The true exposure location (coordinate values MVExn and MVEyn) is 
expressed. 

[0042] The vector v from Point MVE to Point DEG can express a superposition error, and can divide 
Vector v into the vector e from Point MAL to Point MVE, and the vector a from Point MAL to Point 
DEG so that clearly from drawing 9 . Here, Vector e is 1st shot field SAlst. The error (it is hereafter 
called a LSA error) which may be produced corresponding to the gap with a true exposure location 
and a measurement value, the signal-processing conditions in the ******** LSA arithmetic unit 60, 
etc. at the time of mark location detection is expressed. In addition, it is thought that it is generated ' 
since the optimal signal-processing conditions are not set as the LSA arithmetic unit 60 as one of the 
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generating factors of a LSA error to the signal wave form as shown, for example in drawing 8 (C) 
Moreover, Vector a is 1 st shot field SA1 st. A measurement value and 2nd shot field SA2nd The 
error (it is hereafter called an EGA error) produced corresponding to the gap with an exposure 
location, i.e., the location on the wafer W of 1st shot field chosen in the EGA operation, or its 
number (EGA shot arrangement) is expressed. Therefore, a superposition error (vector v) is 
classified into the EGA error (vector a) which makes EGA shot arrangement the main factor with the 
LSA error (vector e) which makes signal-processing conditions the main factor, and operation part 
505 stores this analysis result in the storage section 506 while displaying the diagram of three vectors 
v, e, and a on a display 64 for every shot field. Consequently, an operator can know to the generating 
factor (a LSA error, EGA error) of the superposition error in all the shot fields on a wafer and also 
the error concerned. In addition, the method of presentation in an indicating equipment 64 is 
arbitrary, and is good, for example, the vector v of all shot fields is displayed on the screen and you 
may make it Vector v display an enlarged display v, e, and a, i.e., three vectors, for the field 
concerned on the same screen with directions of an operator about a large shot field. 
[0043] Next, the actuation (simulation) for making a superposition error (vector v) into min with 
reference to drawing 1 0 is explained. In addition, while actuation to steps 100-109 is already 
completed here and the data point for every mark of all the shot fields on a wafer is stored in the 
signal data storage section 62, the true array coordinate value (MVExn, MVEyn) of 1st shot field 
shall also be stored in the storage section 506. 

[0044] Here, as shown in drawing 9 , a superposition error (vector v) can be classified into a LSA 
error (vector e) and an EGA error (vector a) according to this example. Therefore, in order to make a 
superposition error (vector v) into min Make each of a LSA error (vector e) and an EGA error 
(vector a) into mm. If it puts in another way, it will be EGA shot arrangement (here) with the signal- 
processing conditions (for example, electrical-potential-difference value of algorithm slice level etc ) 
and the EGA anthmetic unit 502 in the LSA arithmetic unit 60. It turns out that what is necessary is 
just to optimize each which points out the location and number on the wafer of two or more shot 
fields which need EGA shot arrangement to determine transformation matrices A and O So in this 
example, while changing the condition about each of signal-processing conditions and EGA shot 
arrangement, optimization of signal-processing conditions and EGA shot arrangement shall be 

in a monograph affair by simulation. In 
connection with this two or more signal-processing conditions beforehand specified by the operator 
and the conditions of EGA shot arrangement shall be stored in the storage section 506 bv this 
example. ^ J 

[0045] Now, if a mark location is correctly detected in the LSA arithmetic unit 60, though natural 
Point MAL and Point MVE which were shown in drawing 9 should approach, and the LSA error ' 
(vector e) should become small. That is, evaluating a LSA error (vector e) will evaluate the signal- 
processing conditions of the LSA arithmetic unit 60, and if a LSA error is fully small, it can be said 
to be that wave processing is performed on proper conditions. Conversely, if a LSA error is large it 
cannot say that wave processing is performed on proper conditions, but it is necessary to improve' 
signal-processing conditions. Then, optimization of the signal-processing conditions for making a 
LSA error (vector e) into min first is explained. 

[0046] | Here, in this example, the signal-processing conditions in the LSA arithmetic unit 60 have 
pomted out a waveform analysis algorithm, algorithm slice level, processing gate width etc In 
addition, processing gate width is defined centering on the mark location on a design. Moreover as a 
waveform analysis algorithm, there are three algorithms described below, for example. Now after it 
performs smoothing of a signal wave form in the section decided from predetermined processing 
gate width, the 1st algorithm slices this signal wave form on the level set up with algorithm slice 
level and if an intersection is in right and left of a signal wave form as shown in drawing 8 (B) it 
will detect the central point of that intersection as a mark location, the 2nd algorithm - the 
predetermined level LI - level L2 near [ after performing smoothing of a signal wave form in the 
above (electrical-potential-difference value) section ] peak value Two or more slice level in between 
is set up at fixed spacing, and the intersection and its die length in each slice level are found And 
based on the die length in each slice level, the slice level from which the inclination of a signal wave 
form serves as max in the part below the level set up with algorithm slice level is selected, and the 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/28/2006 



JP,2002-237451,A [DETAILED DESCRIPTION] 



Page 11 of 19 



central point of the intersection in the level concerned is detected as a mark location. The 3rd 
algorithm slices a signal wave form on the level set up with algorithm slice level, and asks for the 
central point as a criteria location, next, the predetermined level LI ~ level L2 near [ after 
performing smoothing of a signal wave form in the above (electrical-potential-difference value) 
section ] peak value two or more slice level in between — fixed spacing — setting up -- the central 
point of the intersection in each slice level - it asks for middle point difference (namely, difference 
with the central point in adjacent slice level) further. And the central point in each slice level does 
not separate greatly with the criteria location for which it asked previously, but the field (namely, 
field where middle point difference is minute and the slice level is continuing for a long time) each 
central point is stable is chosen, and the central point in the field concerned is detected as a mark 
location. 

[0047] Now, first, operation part 505 selects predetermined signal-processing conditions, for 
example, the level value of slice level Vr, out of the storage section 506, and changes the signal- 
processing conditions of the LSA arithmetic unit 60 (step 200). Next, the LSA arithmetic unit 60 
reads a data point from the signal data storage section 62 one by one, is the basis of the newly set-up 
conditions (slice level), and computes the mark location (coordinate values MALxn and MALyn) of 
all shot fields. After an appropriate time, these mark positional information is stored in the ALG data 
storage section 501 (step 201). 

[0048] Next, operation part 505 displays the vector e of each shot field on a display 64 while 
computing a LSA error (vector e) for every shot field based on the array coordinate value (MALxn, 
MALyn) calculated at step 201, and the true array coordinate value (MVExn, MVEyn) read from the 
storage section 506. Thus, the computed LSA error is matched with the signal-processing conditions 
set as the LSA arithmetic unit 60, and is stored in the storage section 506 (step 202). After an 
appropriate time, operation part 505 judges whether simulation was performed about all the signal- 
processing conditions beforehand set as the storage section 506 by the operator (step 203). Here, 
since the simulation about all conditions is not completed, it returns to step 200. Operation part 505 
progresses to the following step 204, when steps 200-202 are repeated and performed and simulation 
is completed on all conditions until simulation is completed. In addition, it is also good to only set up 
as signal-processing conditions beforehand set as the storage section 506, so that only algorithm slice 
level may be changed, or to set up a waveform analysis algorithm (or processing gate width) so that 
only modification may be changed, and you may make it set up the conditions which combined these 
further. 

[0049] Now, when simulation is completed about all signal-processing conditions, operation part 505 
chooses the signal-processing conditions from which the LSA error in each shot field serves as min 
based on the LSA error in the monograph affair stored in the storage section 506, and sets them as 
the LSA arithmetic unit 60 by making this condition into optimum conditions (step 204). 
consequently, the point MAL shown in drawing 9 is scattered under the signal-processing conditions 
whose detection precision of the mark location in a LSA system the signal-processing conditions in 
the LSA arithmetic unit 60 are optimized, and improves and which were set up like the above when 
putting in another way — MVE will be approached most or in agreement with it. 
[0050] By the way, a LSA error may not become small, even if it repeats and performs steps 200-203 
and performs simulation on all signal-processing conditions. Or the basis of the processing 
conditions set up as optimum conditions like the above is also learned if a LSA error is a deer 
smallness fence only, and it has things. Then, it judges that operation part 505 needs the analysis of a 
LSA error when a LSA error does not become small, even if it judges whether it is necessary to 
analyze a LSA error in more detail based on the LSA error (stored in the storage section 506) in each 
shot field computed under optimum conditions (step 205) and repeats simulation, and progresses to 
the following step 206. On the other hand, when the LSA error in each shot field is sufficiently small 
by optimization of the signal-processing conditions like the above, it progresses to step 208 
immediately. Operation part 505 asks for standard deviation (or average), for example from the LSA 
error in all shot fields, and you may make it judge it by whether this value is over the predetermined 
value here. In addition, in this example, a LSA error shall progress to the following step 206 as what 
did not become small. Therefore, the signal-processing conditions in the LSA arithmetic unit 60 will 
be set as the conditions of arbitration, for example, initial condition, (conditions in step 103), and the 
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processing conditions in the simulation performed at the end in steps 200-202. Moreover, although 
operation part 505 judged the necessity of the analysis of a LSA error here, an operator observes the 
LS A error in the monograph affair displayed on a display 64, and may be made to judge the 
necessity of the analysis. 

[0051] Next, operation part 505 performs analysis of a LSA error (vector e) using the linearity least 
square method (step 206). In addition, it is the completely same technique as the EGA operation 
which described it as the linearity least square method previously, and it becomes possible to divide 
a LSA error (vector e) into a linearity component (for it to be hereafter called a LSA residuum) and 
the remaining components (for it to be hereafter called a random error) by this data processing. 
[0052] Then, when step 204 is completed, operation part 505 reads the array coordinate value on 
measurement of the shot field detected under the signal-processing conditions set as the LSA 
arithmetic unit 60 (MALxn, MALyn) from the ALG data storage section 501 , while reading the true 
array coordinate value (MVExn, MVEyn) of a shot field from the storage section 506. Under the 
present circumstances, operation part 505 is the shot field SAn on a wafer. Two or more shot fields 
SA 1 , for example, a shot field, - SA7 ( drawing 6 ) are specified from inside, and these array 
coordinate values are read from each of the ALG data storage section 501 and the storage section 
506. After an appropriate time, operation part 505 determines the transformation matrices B and C in 
the matrix shown in the following formulas 5 by the same technique as an EGA operation (step 104) 
using this read array coordinate value, and stores this value in the storage section 506. In addition, 
transformation matrices B are two-line two trains, and C is the matrix of a two-line one train. 
Moreover, you may make it determine the number of shot fields used for the decision of 
transformation matrices B and C using the array coordinate value of all shot fields that what is 
necessary is just two or more. 
[0053] 
[Equation 5] 

(M vbxii ^ r M alXD i 

= B +C 

[0054] Furthermore, using this transformation matrices B and C and formula 5 that were determined, 
operation part 505 changes the array coordinate value on measurement of a shot field (MALxn, 
MALyn), and stores this changed coordinate value in the storage section 506 as (Merxn, Meryn). 
three array coordinate values (MALxn, MALyn) with which operation part 505 was stored in the 
storage section 506 after an appropriate time — and (MVExn, MVEyn) (Merxn, Meryn) it is based, a 
LSA error (vector e) is analyzed for every shot field, and this analysis result is displayed on a display 
64 (step 207). Although this situation is explained with reference to drawing 1 1 , only a point 
different here from drawing 9 is described. In addition, the point Mer in drawing 1 1 expresses the 
shot location (coordinate values Merxn and Meryn) changed by the formula 5. 
[0055] A LSA error (vector e) is the vector eR from Point MAL to Point Mer so that clearly from 
drawing 1 1 . It is divided into the vector r from Point Mer to Point MVE. Here, it is Vector eR. Since 
it is computed by the linearity least square method, the linearity component (LSA residuum) of a 
LSA error (vector e) is expressed, and Vector r will express the remaining components (namely, 
random error containing a nonlinear component) except the linearity component of a LSA error. 
Consequently, a LSA error (vector e) can be divided into a LSA residuum (vector eR) and a random 
error (vector r). Operation part 505 displays three vectors e and eR and the diagram of r on a display 
64 for every shot field, and stores this analysis result in the storage section 506 further. Under the 
present circumstances, you may make it display ****** which combined the vector eR (or r) of each 
shot field, transformation matrices B and C (or value of each parameter), or these on a display 64. 
[0056] In addition, since the LSA residuum (vector eR) has the inclination which always exists like 
**** Add a LSA residuum as it is to the LSA system in an actual process wafer, and the 
measurement result of the LSA arithmetic unit 60. If it puts in another way, the location detection 
precision of a LSA system and the LSA arithmetic unit 60 will be made to improve as a result by 
updating the EGA result of an operation (transformation matrices A and O) by the LSA residuum 
(transformation matrices B and C) (detail after-mentioned). 

[0057] By the above actuation, optimization (and analysis of a LSA error) of the signal-processing 
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conditions in the LSA arithmetic unit 60 will be completed. By the way, if optimization of the 
signal-processing conditions like the above is performed and a mark location is detected correctly, 
though natural, Point MAL and Point DEG which were shown in drawing 9 should approach, and the 
EGA error (vector a) should become small. That is, evaluating an EGA error (vector a) will evaluate 
the precision of an EGA operation, and if an EGA error is fully small, it can be said to be that EGA 
shot arrangement is set as proper conditions. Conversely, if an EGA error is large, it cannot say that 
EGA shot arrangement is set as proper conditions, but it is necessary to improve EGA shot 
arrangement. Then, optimization of the EGA shot arrangement for next making an EGA error (vector 
a) into min is explained. 

[0058] Now, operation part 505 selects predetermined EGA shot arrangement (a shots per hour and 
its location) out of the storage section 506, and changes EGA shot arrangement with the EGA 
arithmetic unit 502 (step 208). Next, the EGA arithmetic unit 502 reads the array coordinate value on 
measurement of each shot field corresponding to this newly set-up EGA shot arrangement (MALxn, 
MALyn) from the ALG data storage section 501, and reads the array coordinate value on a design 
(Dxn, Dyn) from the EXP shot map data division 503 further. In addition, the array coordinate value 
(MALxn, MALyn) read from the ALG data storage section 501 is a value detected under the signal- 
processing conditions set up at previous step 204. the after an appropriate time and EGA arithmetic 
unit 502 — the array coordinate value (MALxn, MALyn) of each shot field — and (Dxn, Dyn) it uses 
and transformation matrices A and O are determined completely like previous step 1 04. In addition, 
these computed transformation matrices A and O are stored in the storage section 506. Furthermore, 
it uses with this transformation matrices A and O and above-mentioned formula 1 that were 
computed, and the EGA arithmetic units 502 are all the shot fields SAn on Wafer W. An array 
coordinate value (DEGxn, DEGyn) is computed and this result of an operation is stored in the 
storage section 506 (step 209). 

[0059] Next, based on the array coordinate value (DEGxn, DEGyn) computed like the above, and the 
array coordinate value (MALxn, MALyn) read from the ALG data storage section 501, operation 
part 505 computes an EGA error (vector a) for every shot field, and displays the vector a of each shot 
field on a display 64 further. Thus, the computed EGA error is matched with the EGA shot 
arrangement set as the EGA arithmetic unit 502, and is stored in the storage section 506 (step 210). 
After an appropriate time, operation part 505 repeats and performs steps 208-210 until it judges 
whether simulation (calculation of the EGA error for every shot field) was performed about all EGA 
shot arrangement set as the storage section 506 (step 211) and this simulation is beforehand 
completed by the operator. 

[0060] In addition, about the shot location, it sets beforehand, and it is also good to only change a 
shots per hour or to change only assignment of a shot location as a shots per hour being fixed, and 
you may make it set up the conditions which combined these further as conditions for the EGA shot 
arrangement set as the storage section 506. Now, when simulation is completed about all EGA shot 
arrangement, operation part 505 chooses the EGA shot arrangement to which the EGA error in each 
shot field serves as min based on the EGA error in the monograph affair stored in the storage section 
506, and sets it as the EGA arithmetic unit 502 by making this arrangement into optimum conditions 
(step 212). consequently, if it puts in another way, the point DEG shown in drawing 9 that the 
operation precision in the EGA arithmetic unit 502 improves is scattered under the set-up shot 
arrangement like the above — or it approaches MAL most, it will be in agreement and optimization 
of EGA shot arrangement is completed. 

[0061] Here, the situation of the superposition error (vector v) after optimization of signal -processing 
conditions and EGA shot arrangement was performed is shown in drawing 12 and drawing 13 . 
When the LSA error (vector e) has become sufficiently small by optimization of signal-processing 
conditions as for drawing 12 , drawing 13 shows the case where a LSA error (vector e) does not 
become small even if it optimizes signal-processing conditions. If optimization of signal -processing 
conditions and EGA shot arrangement is performed so that clearly from drawing 12 , a LSA error 
(vector e) and an EGA error (vector a) will become small both enough, and a superposition error 
(vector v) will also become small enough in connection with this (or about 0). therefore, the same 
conditions (for example, the class of wafer — ) as the wafer used for the above-mentioned analysis If 
mark location detection and an EGA operation are performed under the conditions set up like the 
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above as long as it is a resist, a class, thickness of a substrate, etc. and that wafer processing 
conditions are also the same uses a process wafer [ being desirable ] The superposition error in an 
EGA method can always be set to min thru/or about 0, and it becomes possible to realize highly 
precise alignment. Moreover, it is desirable to ask for the optimal signal-processing conditions and 
EGA shot arrangement (further transformation matrices B and C), to match these values with the 
above-mentioned conditions for every process wafer from which the above-mentioned conditions 
differ from the above thing, and to store in the storage section 506. 

[0062] On the other hand, in drawing 13 , since the LS A error (vector e) is not small, even if it 
performs mark location detection and an EGA operation under the above-mentioned conditions in an 
actual process wafer, the superposition error more than a predetermined allowed value can remain. 
Then, a LSA error does not become small, but when it has the inclination which moreover always 
has a LSA residuum (vector eR), a LSA residuum is added as it is to the measurement result by the 
LSA system and the LSA arithmetic unit 60 in a process wafer. If it puts in another way, the EGA 
operation expression (formula 1) computed under the above-mentioned conditions will be updated 
using the transformation matrices B and C (step 206) determined in case a LSA residuum is 
computed. That is, it asks for the formula 6 shown below from the above-mentioned formulas 1 and 



[0064] Consequently, by the EGA operation (formula 6), the array coordinate value on the design of 
a shot field (point D) is seemingly changed into point DEG ! , i.e., EGA operation precision can be 
made to be able to improve and a superposition error (distance of Point MVE and point DEG 1 ) can 
be made small. In addition, it cannot be overemphasized that a formula 6 is completely the same as 
the case where the transformation matrix in EGA operation expression is computed using the true 
array coordinate value (MVExn, MVEyn) of a shot field and the array coordinate value on a design 
(Dxn, Dyn). 

[0065] As above, in this example, in order to perform simulation of a LSA error (vector e) or an 
EGA error (vector a), although [ two or more signal-processing conditions which the operator 
specified beforehand, or EGA shot arrangement ] stored in the storage section 506 For example, 
whenever simulation of a LSA error or an EGA error is performed, an operator (or operation part 
505) It opts for the following signal-processing conditions or EGA shot arrangement based on that 
simulation result, and you may make it set up this determined condition to the LSA arithmetic unit 
60 or the EGA arithmetic unit 502. In this case, there is an advantage that the count of the simulation 
of a LSA error or an EGA error may decrease compared with the above-mentioned example. 
[0066] Moreover, in case the simulation of a LSA error (vector e) be perform and a change (step 
200) of signal processing conditions be make, some shot fields (for example, shot field locate a core 
and near a periphery a wafer) be choose, and you may make it display the signal wave form (for 
example, drawing 8 (C)) for every mark of this selected shot field on a display 64 out of two or more 
shot fields on a wafer. Thus, it is useful to determining the following signal-processing conditions in 
the simulation of a LSA error to display a signal wave form, and the effectiveness of becoming 
possible to reduce the count of simulation more is acquired. In addition, the number of the shot fields 
on which a signal wave form is displayed may be one. 

[0067] When similarly the simulation of an EGA error (vector a) is performed and a change (step 
208) of EGA shot arrangement is made, next, out of two or more shot fields (or all shot fields on a 
wafer) corresponding to the EGA shot arrangement which should perform simulation Some shot 
fields (or all shot fields are sufficient) are chosen. You may make it display at least one of the LSA 
error (vector e) in this selected shot field, a LSA residuum (vector eR), and random errors (vector r) 
on a display 64. If such a display is performed, it will be useful to opting for the next EGA shot 
arrangement in the simulation of an EGA error, and the effectiveness of becoming possible to reduce 
the count of simulation more will be acquired. 

[0068] moreover, it is made to display on a display 64 the LSA error (vector e) in all the shot fields 
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on a wafer (or two or more shot fields SA 1 specified beforehand - SA7 — good) in computing 
transformation matrices B and C And, for example as compared with the inclination in the whole 
wafer, the inclination (a direction and magnitude) of Vector e will become possible [ the thing which 
remove an extremely different (random error r is extremely large if it puts in another way) shot field 
from the assignment shot used for computing transformation matrices B and C beforehand and for 
which transformation matrices B and C are computed with a much more sufficient precision ], if it is 
made to carry out. In addition, about the shot field removed here, if it is made not to specify as an 
EGA shot also in case EGA shot arrangement is optimized (simulation), it becomes possible to 
reduce the count of simulation of EGA shot arrangement, the EGA operation precision in a process 
wafer improves as a result, i.e., in all shot fields, an EGA error (vector a) will become min. 
[0069] Furthermore, even if it performs simulation of EGA shot arrangement, when an EGA error 
(vector a) does not become small, the shot field for example, on a wafer is divided into some blocks, 
and it supposes that an EGA operation (calculation of transformation matrices A and O) is performed 
for every block, and it does not matter even if it is made to optimize EGA shot arrangement per 
block. Moreover, when the scaling error near the periphery of a wafer is extremely large The 1 st 
field of a centering on wafer center circle [ fields / all / on a wafer / shot ] configuration, and the 2nd 
field of the shape of a circular ring of the outside of the field concerned (For example, field only 
including the shot field located in the outermost periphery) It divides and may be made to perform 
optimization of EGA shot arrangement only using the shot field in the 1st field. In addition, if an 
actual process wafer performs an EGA operation according to the EGA shot arrangement for which 
it opted under such conditions, since the superposition error in the shot field in the 2nd field can 
become large, it is desirable that an EGA operation is performed independently or it is made to 
perform alignment by the die Bayh die or the site Bayh site method about the shot field in the 2nd 
field with an actual process wafer. 

[0070] Furthermore, in the above-mentioned example, when simulation was completed about all the 
signal-processing conditions and EGA shot arrangement which were beforehand set as the storage 
section 506, operation part 505 (or operator) chose the optimal conditions based on the simulation 
result which was matched with the monograph affair and stored in the storage section 506, and had 
set up this selected condition to the LSA arithmetic unit 60 or the EGA arithmetic unit 502 (steps 
204 and 212). However, an operator (or operation part 505) compares the simulation result already 
stored in the storage section 506 with the simulation result whenever simulation of a LSA error or an 
EGA error is performed, for example, the simulation result is good, namely, only when the LSA 
error and the EGA error are small, it may be made to rewrite the storing data (simulation result 
matched with the above-mentioned conditions) of the storage section 506 (updating). In this case, 
when simulation is completed about all the signal-processing conditions and EGA shot arrangement 
which were set as the storage section 506, the optimal conditions are not chosen but ** can also set 
optimum conditions as the LSA arithmetic unit 60 or the EGA arithmetic unit 502 immediately 
according to the storing data of the storage section 506. Moreover, since it is not necessary to store in 
the storage section 506 the simulation result in all the signal-processing conditions and EGA shot 
arrangement which were set as the storage section 506, the advantage that the storage capacity is 
small and ends is acquired. In addition, even if it performs simulation about all conditions, when 
neither a LSA error nor an EGA error becomes small, the conditions in the simulation performed at 
the end will be set to the LSA arithmetic unit 60 or the EGA arithmetic unit 502. Under the present 
circumstances, as for operation part 505, it is desirable to store the simulation result in the conditions 
of this last in the storage section 506. 

[0071] Moreover, in the flow chart shown in drawing 5 , although he was trying to detect the mark 
location of all the shot fields on a wafer after termination of step 102 At step 103, mark location 
measurement (and storing of a data point) is performed, and it may be made to perform mark 
measurement etc. only about a shot field required for the decision of transformation matrices A and 
O in parallel to 2nd exposure in step 1 06 about the remaining shot fields. 

[0072] Furthermore, if a stepper body and coater developers (test equipment of further separate 
installation etc.) are made in-line as indicated by JP, 1-1 793 17, A, for example, it cannot be 
overemphasized that it becomes unnecessary to be able to automate all actuation in the above- 
mentioned example, and for an operator to intervene. Moreover, it becomes possible by building 
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such a system to perform optimization of the analysis of the superposition (it took into consideration) 
error included to the processing conditions (development, etching conditions, etc.) over a wafer, and 
signal-processing conditions and EGA shot arrangement. 

[0073] By the way, although the analysis of the superposition error in the fine alignment of an EGA 
method was described in the above example, the suitable alignment method for this invention is not 
restricted to an EGA method (further least square method), and may use what kind of operation 
technique other than the least square method further that what is necessary is just the method which 
amends the stepping location of a wafer stage in advance of superposition exposure. In addition, 
even if it is the global alignment method which amends X of the whole wafer, Y, and a location gap 
of a hand of cut collectively before exposure, the superposition error is analyzable in the completely 
same actuation as the above-mentioned example. Moreover, even if it is the method (a die Bayh die 
or site Bayh site method) which performs alignment for every shot, the superposition error is 
analyzable by performing the same actuation as the above-mentioned example. However, by the die 
Bayh die or the site Bayh site method, since Point DEG and Point MAL in the above-mentioned 
example will be in agreement, only about the error (equivalent to a LSA error) which may be 
produced at the time of the mark location detection by the alignment sensor, the error concerned can 
be divided into a linearity component and the remaining components, and can be analyzed. 
[0074] Moreover, although the above-mentioned example described the case where a LSA system 
was used as an alignment sensor, this invention is applicable to the alignment sensor of any methods. 
That is, even if it is which method of a TTR method, a TTL method, or an off OKUSHISU method 
and the detection method is a LSA method like the above further, it does not matter even if it is an 
image-processing method like the FIA system 20. Moreover, a coherent collimated beam may be 
irradiated from a 2-way to the 1 -dimensional diffraction grating formed, for example on the wafer, a 
1 -dimensional interference fringe may be made on a diffraction grating, and the alignment sensor (it 
is hereafter called a Laser Interferometric Alignment;LIA system) of the method which carries out 
photoelectrical detection of the reinforcement of the diffracted light (interference light) generated 
from a diffraction grating by the exposure of this interference fringe may be used. There are a 
heterodyne method which gives a fixed delta frequency to a collimated beam from a 2-way, and a 
homodyne method without a delta frequency as this method. Especially the LIA system of a 
heterodyne method detects ** (2P) of a grid pitch (2P) / less than four location gaps by searching for 
the phase contrast (less than [ **180 degree ]) of the photoelectrical signal (optical beat signal) of the 
interference light from the diffraction grating on a wafer, and the optical beat signal of the 
interference light for reference separately created from two light transmission beams. In addition, 
about this detailed configuration, it is indicated by JP,2-227602,A or JP,2-272305,A, for example. 
Moreover, the differences with the above-mentioned example in the case of using the above 
alignment sensors are only the signal-processing conditions which can be changed on the occasion of 
the optimization. Hereafter, with reference to drawing 14 and drawing 15 , the signal-processing 
conditions in each of a FIA system and a LIA system are explained briefly. 

[0075] Drawing 14 (A) is the wafer mark WM1 detected by the FIA system 20. A situation is shown 
and drawing 14 (B) shows the wave of the picture signal then acquired. As shown in drawing 14 (A), 
the FIA system 20 (non-illustrated image sensor) is the wafer mark WM1 . The bar mark of three, 
and index marks [ FM / FM and / 2 ] 1 An image is electrically scanned along with the scanning line 
VL. Under the present circumstances, it is good to carry out averaging of the level of the picture 
signal acquired by two or more horizontal scanning lines included in the video sampling field VS A 
(alternate long and short dash line) for every horizontal pixel only with the one scanning line, since it 
is disadvantageous in respect of a S/N ratio. As shown in drawing 14 (B), in a picture signal, they are 
the index marks [ FM / FM and / 2 ] 1 to both sides. There is a wave part corresponding to each and 
the FIA arithmetic unit 61 is slice level SL 2 about this wave part. It asks for the center position 
(location on a pixel) of each mark by processing, and is that center position xO. It is asking. In 
addition, index marks [ FM / FM and / 2 ] 1 Instead of asking for each center position, it is the index 
mark FM 1 . A right edge and index mark FM 2 By asking for each location of a left edge, it is a 
center position xO. You may make it ask. On the other hand, as shown in drawing 14 (B) here, the 
wave on a picture signal serves as a bottom in the location corresponding to the left edge of each bar 
mark, and a right edge, and the FIA arithmetic unit 61 is slice level SL 1 . After performing wave 
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processing and asking for the center position of each bar mark, averaging of each location is carried 
out, and it is the wafer mark WM1. Center position xC It computes. Furthermore, location xO for 
which it asked previously Mark measurement location xC Difference delta x (=xO-xC) is computed 
and it is the wafer mark WM 1 in the observation field of the FIA system 20. The value which added 
the location of the wafer stage 3 when being positioned and the previous difference delta x is 
outputted as mark positional information. 

[0076] Therefore, in the FIA system 20 like the above, there are a waveform analysis algorithm, slice 
level SL 1 (electrical-potential-difference value), a contrast limit value, processing gate width Gx 
(the center position of the width of face Gx on a pixel and its width of face), etc. as signal-processing 
conditions which can be changed. Furthermore as a waveform analysis algorithm, it faces in quest of 
the center position of each bar mark. Wave partial BS1L, BS1R and BS2L corresponding to a left 
edge and a right edge of a bar mark, There is the mode using the mode only using the mode only 
using slope BSloutside ** L and BS2R, slope BSlin ** R, and BS2L, slope BSloutside ** L, BS2R 
and inner slope BS1R, and BS2L among BS2R. 

[0077] Next, with reference to drawing 15 , the signal-processing conditions in a LIA system 
(especially heterodyne method) are explained. As shown in drawing 15 , it is the 1 -dimensional 
diffraction grating WM2 on a wafer. When it receives and two coherent beams [ BM / BM and / 2 ] 
(parallel flux of light) 1 of frequency difference deltaf carry out incidence with a crossed axes angle 
(2psi0), it is a diffraction grating WM2. Upwards, the 1 -dimensional interference fringe IF of a pitch 
P (however, grid pitch 2P) is made. This interference fringe IF is a diffraction grating WM2. 
Corresponding to delta- frequency deltaf, it will move in the pitch direction, and that rate V is 
expressed with the relational expression which becomes V=delta f-P. consequently, diffraction 
grating WM2 from — the diffracted light Bl (-1) as shown in drawing 15 , B-2 (+1), and ... occur. In 
addition, subscripts 1 and 2 are incident beam BM1 and BM2. Expressing correspondence, the figure 
in a parenthesis expresses the order of diffraction. Usually, by the LIA system, the location gap is 
detected by searching for the phase contrast of the photoelectrical signal of the primary [ **] 
diffracted light Bl (-1) which advances in accordance with an optical axis AX, and the interference 
light of B-2 (+1), and the photoelectrical signal of the interference light for reference separately 
created from two light transmission beams. Or zero-order diffracted-light B-2 (0) The amount of 
location gaps detected from the phase contrast of the photoelectrical signal of an interference light 
with the -secondary diffracted light B 1 (-2), and the photoelectrical signal for reference, Zero-order 
diffracted light Bl (0) Averaging of the amount of location gaps detected from the phase contrast of 
the photoelectrical signal of an interference light with -secondary diffracted-light B-2 (+2) and the 
photoelectrical signal for reference is carried out, and you may make it calculate the amount of 
location gaps. 

[0078] Therefore, the signal-processing conditions which can be changed by the LIA system like the 
above are only the selections of an interference light (degree of the diffracted light) which should be 
carried out photoelectrical detection. Namely, the 1st mode in which the primary [ **] diffracted 
light Bl (-1) and B-2 (+1) are used by the LIA system, zero-order diffracted-light B-2 (0) The - 
secondary diffracted light Bl (-2) and the zero-order diffracted light Bl (0) The reinforcement of the 
interference light in the 1st mode and the 2nd mode is measured further the 2nd mode, -secondary 
diffracted-light B-2 (+2) is used — There is the 3rd mode in which that value on the strength chooses 
and uses the larger one, these three modes will be changed on the occasion of optimization of a LIA 
system, and simulation will be performed. 

[0079] Moreover, although the vernier for viewing ( drawing 4 ) was used in this example in order to 
calculate a true array coordinate value (MVExn, MVEyn) for example, 2 sets of pattern groups 
(RXla, RXlb), i.e., a primary scale pattern, as shown in drawing 16 — and (RYla, RYlb) and a 
vernier pattern (RX2a, RX2b) — and (RY2a, RY2b), if it uses It cannot be based on viewing, but 
automatic meter reading of both amount of location gaps (delta Vx, delta Vy) can be carried out in 
the test equipment (further a stepper's alignment sensor) of separate installation, and, moreover, 
measurement precision can also be raised. Since it is indicated by JP,2-3 1 142, A about the 
measurement technique using this kind of pattern, for example, explanation is omitted here, in 
addition, the thing for which the distance Ly of the part (slash section) which signs that the vernier 
pattern was piled up to the primary scale pattern in drawing 16 are indicated to be by the dotted line, 
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for example, amount of location gaps delta Vx of the direction of X intersected is measured — 
deltaVx= (LY-Ly)/2 and tan (alpha/2) — it is computed from relational expression. Here, LY is 
distance (design value) when superposition is performed correctly, without a primary scale pattern 
and a vernier pattern carrying out a location gap in the direction of X. Moreover, if only 
predetermined spacing (design value) is detached and both are imprinted on a wafer using the 
diffraction-grating mark Mx as also showed ** in drawing 8 (A) as [ both ] a primary scale pattern 
and a vernier pattern not using the pattern group shown in drawing 16 , it will become possible by 
measuring both spacing and searching for a difference with a design value to carry out automatic 
meter reading of the amount of location gaps like the above. 

[0080] Moreover, although the above-mentioned example explained only optimization of the signal- 
processing conditions in a LS A system For example, the FIA system and the LIA system also 
optimize the signal-processing condition about the same process wafer. The alignment sensor by 
which the error equivalent to the vector e in the above-mentioned example becomes the smallest is 
chosen, and if this alignment sensor is matched with the class of process wafer and stored in the 
storage section 506, it will become possible to raise superposition precision further. Moreover, at the 
above-mentioned example, it is the primary scale pattern RP 1 . Vernier pattern RP 2 When it forms 
on the same reticle and only predetermined distance moves a reticle, superposition exposure is 
performed, but though natural, after forming the two above-mentioned patterns in a separate reticle 
and performing reticle exchange, it may be made to perform superposition exposure. Furthermore, 
primary scale pattern RP 1 Vernier pattern RP 2 It does not matter whether it forms in a test reticle or 
makes it form in a part of device reticle (for example, if it to be in a multi-die reticle inside of a street 
line equivalent field). 

[0081] Furthermore, when exposure was completed, although [ the above-mentioned example ] 
development of a wafer and etching processing are performed and various measurement (for 
example, vernier measurement, mark location measurement, etc.) is performed using the pattern 
formed in the substrate layer on a wafer For example, it may be made to perform various 
measurement using the image (latent image) of the mark formed by performing double exposure to a 
resist layer, or a vernier, or the resist image of the mark formed by performing only a development to 
the wafer, or a vernier. When using a resist image to 2nd exposure being performed after an 
alignment sensor detects the mark image (latent image) formed of 1 st exposure when using a latent 
image here, when 1 st exposure and 2nd exposure are completed, a development will be performed, 
and various formation will be performed using the resist image formed as a result. That is, when 
using a resist image, it may happen that the resist image of a mark is not formed even if the mark 
image formed in the resist layer is exposed also in 2nd exposure by 1 st exposure and it performs a 
development. Then, in performing 2nd exposure in such a case, it is necessary to form protection- 
from-light layers (chromium etc.) in the subregion of the reticle corresponding to the mark image 
beforehand formed by 1 st exposure, or to drive the adjustable blind arranged in the reticle in an 
illumination-light study system, and a field [****/ almost ], and to shade the field concerned of a 
reticle so that the mark image of a resist layer may not be exposed. 

[0082] In the above example, by performing vernier measurement (step 1 07), it asked for the true 
coordinate location MVE of 1st shot field, and the superposition error (vector v) was divided into the 
LSA error (vector e) and the EGA error (vector a), and was analyzed by this. Here, when not 
performing vernier measurement, the point MVE shown in drawing 9 will be in agreement with 
Point MAL. However, if simulation is performed about the signal-processing conditions like the 
above such even case, Point MVE and Point MAL can approach and can know the inclination of 
change of a LSA error (vector e) according to the above-mentioned conditions. Therefore, even if it 
does not necessarily need a vernier in this invention and does not perform vernier measurement, it is 
possible to optimize signal-processing conditions. 

[0083] Moreover, although the case where the alignment equipment by this invention was applied to 
a stepper was described, a laser beam is irradiated at a part of component on aligners other than a 
stepper (an X-ray aligner, electron beam machine equipped with two or more division masks, etc.), 
the equipment which conducts sequential inspection by the step-and-repeat method, or a wafer, and 
even if it applies to the equipment which repairs a defective component, the same effectiveness as 
this example can be acquired. 
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[0084] 

[Effect of the Invention] By this invention, it is analyzable what kind of improvement the multi- 
statement of the arrangement conditions for choosing at least two exposure fields chosen with an 
exposure location calculation means is carried out on different conditions, and two or more of these 
arrangement conditions bring about on alignment precision as mentioned above. Therefore, it 
becomes possible by optimizing the arrangement conditions of an exposure field to raise alignment 
precision further. 

[Translation done.] 
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2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing an example of the rough configuration of the control 
system of the contraction projection mold aligner equipped with the alignment equipment of this 
invention. 

[Drawing 2] The perspective view showing the rough configuration of the contraction projection 
mold aligner equipped with the alignment equipment of this invention. 

[Drawing 3] The perspective view showing the rough configuration of the illumination-light study 
system of the contraction projection mold aligner shown in drawing 2 . 

[Drawing 4] The top view showing an example of the configuration of the primary scale pattern 
formed in a reticle, and a vernier pattern. 

[Drawing 5] The rough flow chart Fig. showing an example of analysis actuation of the 
superposition error in the example of this invention. 

[Drawing 6] The top view showing the situation of two or more shot fields formed on a wafer. 

[Drawing 7] Drawing with which explanation of an EGA operation is presented. 

[Drawing 8] Drawing explaining the situation of the mark location measurement by the LS A system. 

[Drawing 9] Drawing explaining the situation of the analysis result of the superposition error by the 
example of this invention. 

[Drawing 10] The rough flow chart Fig. showing an example of the actuation for making the 
superposition error in the example of this invention into min. 

[Drawing 11] Drawing explaining the situation of the analysis result of the LSA error by the example 
of this invention. 

[Drawing 1 2] Drawing explaining the situation of the superposition error when optimizing EGA shot 
arrangement by the signal-processing conditions and statistics operation at the time of mark location 
detection in the example of this invention. 

[Drawing 13] Drawing explaining the situation of a superposition error in case a LSA error remains 
greatly in the example of this invention. 

[Drawing 14] Drawing explaining the situation of the mark location measurement by the FIA 
system. 

[Drawing 15] Drawing explaining the situation of the mark location detection by the LIA system. 
[Drawing 16] Drawing showing another example of the primary scale pattern formed in a reticle, and 
a vernier pattern. 

[Drawing 17] Drawing with which explanation of the conventional technique is presented. 

[Description of Notations] 

3 - Wafer Stage 

9 1 0 — Interferometer 

60 - LSA Arithmetic Unit 

61 - FIA Arithmetic Unit 

62 — Signal Data Storage Section 

63 - Input Unit 

64 — Display 

501 — Alignment Data Storage Section 
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502 - EGA Arithmetic Unit 

503 ~ Exposure Shot Map Data Division 

504 — Sequence Controller 

505 — Operation Part 

506 Storage Section 
W Wafer 
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3 h««(DE9JftflHllMALn ) *X*pIffii6^T^ 

>5o EGASSa"7h5 0 2li, A LGf- ^ IBItSP 
5 0 1 fz|B1t$*Lfc^->7(as««fzSo-^T. ^f+M 
*3tff^aic J: y ^x/\WJt(Dv 3 K««(7)iB5»JjS« 
filDEGn £»fcb-f £t,CD-e. -f-0)fl[UiS«tt 
=3 > h P-7 5 0 4 <ti£{fSf5 5 0 6 t{Z&£,frZ> 0 EG 
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h (X. Y^fS)) . ^X/\CD#^g (X. Yftfa) % ^ 

^) o 

[0 0 2 2] Sfc. S3t (EXP) S/3*;h7«;?f- 

±<7>g5fc{iM (EMffi«ffiDn ) £»f«U CCDtSfffl 

I4EG A^^zl- ^ K 5 0 2d:y"{r>X3> 

5 0 4 £lz££>;h,£ 0 v-^>Xa>hD-7504 

7> K'J tf— h^iCCDgTtBtCDOx/NX^— v3CD^lft 

*|CI4^-Ku— ^^b(7)=3-7> K*>#affffl-r— $ (ft 
2<D/<— =7tl-MtA v») £A2)^-£SM (*— TfC- 

[0 0 2 3] c?Tv IB1SSP5 0 6(4EGA;H*a.- ^ h 
5 0 2fr£><D;H*/\°^J><— Mva h««<Dff» 
±C0E5»JffiaHtDEGn A*^g 6 3 frh><DKJi^f— 
^^^fBfi-T^o ^/r. ;*Sff§P5 0 5J4IE1ISB5 0 6 fz 
IB1SS tltz"r—$ {is 3 v H««(Dff»±0)iE5»JffiaHit 
DEGn > /<— — TttSfflfilA V) <h. A L Gf- £ iSffiSU 
5 0 1 lz!B1tS*ifc->3 h««0>ftail±(DE5»Jffi#|ffl 
MALn ctfcSo^. ^x/\_hCD->a *v h^itSl^-^OS 
ta^3b#»S (<<^ h;Uv) <7& 

<< * > ht^tva v h^cD^x/\±r^iuM (^fr 
f4^G0?&) ic^JtLTttftaiJt^fz^C-SKM (^ h 
;Ua) £lz#lfT8?ffiir£<h£*,lz. ^a>«?#r££J| (f 

i^8i6 4i:I^t^ 0 ^ ^>!c;Ha:gp5 O 5(4. Mte 

^fr>-£mm<Dmffi$£mz& ls a^zl - 7 h6 
o c^friiF i Asiaz^ h 6 i ) iztert&m^mm 

X7^XU^f) i:. EGA;HlJLZ7 h5 0 2|:fc 
1+&EGA53 V KES Cr^^>-t,-9->^UT^-f ^> 

ht^*5/3 7h«l*©tti, ft) t*tHt±"CftH 
(*SjE) U *>5zlU— *>3>lCcfcy&lfe#e0i£-E?<D 
*f (v) % (e) s (a) SStfc-r* (fttflfe 
i$) o £fc. mW-US O 5|C&lt& v = i U— i/ 3 >jS 
A OOCDiiS-rtt^^ h;U v. e. a(Z>^El) (4. ft 

^U-*l*a«K«6 4fca«S*i4|8B^&. ±Eft 



fi^®S^<t E G A v 3 *y hEMa);&*0)g;SS:|jM* 
l^ftJAAgi6 3^bXf7/<- (SI* 
S5505) (zA^-r^CdrlZ^oT. L S A;llaz 7 
K6 0<t EGASIa-'> h5 0 2 fcft LTg®*fflS 

<D^MI4. ;HS:gP5 0 5fr£<Dm%|zS-3l>T. LSA 
h6 0tEGA;HS:a--^ H 5 O 2 kifi-ilri 

[0 0 2 4] H5$#8BLT*ltt6«lcfcM+4a 

£>o ft. **16«-ef4X. Y-LSAj^ffiL^EGA 
(^fcL x T. v-^>Xa>hP-7 5 0 4liEXPva 

^ hv^3fT— £SiJ5 0 3lc4SSft^4xfc«^. -r^^>*» 
*>3^ KMltSAn <DWii+±<DM&l&miA (Dxn. Dy 
n) irfi£oT^x/\X^-^3 J^f ^ hf>y*i± % U 
f^;i/R0)/^-> (i4+|:^Lf;iK/^->R p 

1 ) S^x/\w±iziB»|g3i:LTL^< Uf^io 

P.) • 

[0 0 2 5] 1 Stg3fc#$t7 L/rOx/NWfiXf 7/\ 6 ~ 
SAn) (tTv-f>> h7-^Mx . M y <hA<^ h 'J ^ 

Z>3±\zn— T-r >^$*lSo u0S, x-r-^/<— cow 
SBT?(4va h^igs An ^Ste^+?-l± (2nd) 

Y^I^ICA Ytzlits? h$i±^>o U^;URf4. T/^ft 

2 1. 2 2^^(D{4SI)-?1II^IzjSi:tu^ l ^;ux^— 

U^^;UR14iE5tlr A Ytzifzs? h L. IiJR/\*£ — 
>RP2 (0 4) A<1 stS7feBtCD^K/N 0 ^ — >R P1 CO 

1 ) o 

[0 0 2 6] ST. ^x/NX^r— v3±|CP- -x-fl/^ 
*^fc^x/\wi4. $fa«W4^U77"<>>hgI 

(*g|5*) I^J:oTS+//mmTC0m^-e«MS^4o 
*fZ. v-^>Xa>hP-7504(tFI AS20S 
{/X-LSA^JILV 0l/NW(D?'J77^>>hJ 
*ft*r^)o F I A^2 0f4^X/\WCD^il#jfi 

lc. ^o^xyM^/LMr||Lri5IS&fe (Yfft) *f^?i{i 
il:M?^2 0(Dv3 7hia (#J^f4. He^O) 

V3 y hfgi^S An. SA12) <DYjjft(DitLW. : £8itti-j- 
ho — X-LS A^I4^X/\WCD^il^5filC. 

±IH2^(Di>a *y higs An. S Ai2* x £f5l£^Sg8l 
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A13) <0X:£fn)(DfiM£gtaj-r& o $ bfCi>-y>X=l 
> hP-7 5 0 412. A L G tt — ^ fBtsn? 5 0 1 fw<§|# 

-r*i*<l /imJSLTO)«a-CffijE**iSCi:fZ35:4 Uf 
^ ^ 1 0 2) o 

[0027] tc5t\ (^ur^-r> 

>h) H7f£*. «*fiB7lc»MLT*LTl^S<fc5 

[0 0 2 8] fCt, $0Xf'^1 0 3 Tr (i E G A ;*H 
fffC5fc:£*,. X. Y — L S ASJffit^t'Jl/WVl^t 

y-^>Xn>hP-7 5 0 4(t EXPv37h7^ 
:^r— *«5 0 3i:»*S*lfc$/3*; h«*0>tlH-±a> 
iB5IJffi«fit (Dxn. Dyn) f:tot^X/\Xf-v3 £ 

~v3?ffilLTX, Y-LS A3R(DX/K^ h?tLX 

$1±Se C+Lcfcy. L S A;H^zl- ^ h 6 0-ettHr3t 



fa«1f«ll4lB5iJffi1«ffi (MALxn. MA|_yn) tLTALG 

^— $Eii»5 o i icK«a?*L« 0 -co is. ±ro)v3 

SP6 2(CfEtt$iJ-Tfc<o 

[0029] ::t\ H8$#«BLr ls A^otfmm 
L x s t a>ffi***3to>«^ £ L S <D$LJ»<D#* 

t(D-M£^LXl^ 0 m 8 (A) f^-f -5f3. "7 — 

^Mxttffi»*a*iRi (XTjfS]) taxufcY^rsiir- 

X/\Xf-v3 0ailCct: yxfr; h*LXS$liffsp 

^(Dff-^L sf£. E) 8 (B) fc^-Tcfc5&;:£ff*££:5o 
LS ASIIar^ h6 Olcfclvc. ±fB0>*D£{I^;BMF2 

CD4"0^A^ x cDXyTTSjO^'OiiMi: Lt3iS 

ft. i8 (B) f=SLfc«#»»l4ttWte*<« 

(A) fcH— <Dt"^^«J?t(D^— >T*feoTt. BIS 



(C) (Dk^lZimfttefemtte-otzV^ 18 (D) CD 

LfrUt^o is (d) a>cfc5fc»»a>»*. 2£fi2 

[O 0 3 0] ^fZ. jfefca^<fc»BBDB6 1 -44429 

->3 hSIi^S An <7>S5iJM^fil (DEGxn. DEGyn) £ 
WH^-So *"*\ EGA;lIa-7h5 0 2liXf 7^ 
1 O3-eALGf-^Ifiiai5 0 1 ICffiff£;h,fc£T<D 
->3^Kp|^SAn (D^\immM (MALxn. MALYn) <D 

mm im^lt. 0 6*CD*>3 hMHES A1 -SA7 ) 

(BESUffiSHiSSE^ajro fit, Z(DBg^fcBLfc->3 
^hplitSAi — S A7 <Dfbl!l±<DIB£)Jj^Ifii (MALX 
n. MALyn) A LGva 7 h7^?f-^SP5 0 4 
fc»MS*ufcfitf±(DlE5»JJS«flt (Dxru Dyn) t\z£ 

§^x/\W±tG)v3 ^ h^9J(7>^fl!J14. -r^t)*>J^T 
COSfcxCl lC«-T*«H«3t (ffJiJSCMALn = A • Dn + 
O) CUbMfftfcSMrMA. Ojj^tSo {§U JbfBI 

J^cj^rj:x'7-— "J >^iiR x. Ryt, t7-tr7hi 

^ljA(i2?T2^J. 0(42ff IJIJODfTWCfeSo 
[0 03 1] 

CSfti] 

[M alxh f D xn -\ 

-A +0 
M al y o 1 Dyn J 

[0 0 3 2] (Si % a»fr?"JA. OfilUTOiaie 2 . 3 Tr 

[O 0 3 3] 
[iS2] 

cos0 -sin5 -j rl -taock) ^ r R x 0 > 
n0 cos^^'-O I ^0 Ry ' 

R x • cos 0 -Ry (cos0 • tanry -hsin© ) 



r CO 

^ si 



- 



R y • sin^ R y C-sin^ 



• tan co + cos 9 ) ' 



[0 0 3 4] 
[»3] 



rOx 1 

0 = 

1 0 y J 



[0 0 3 5] d^r*. 'Ji/^va^hilSIl tim 
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±£>IE5>JM^<1 (MALxn. MAl_yn) XtfKfU:<7>E5«ffi 
Sfit (Dxn. Dyn) ic^LT^M^ (eXn, e Yn ) 
^SSL, ±£831 I^TC0§fc5£4<7)cfc5l:i§£&*_ 

[0 0 3 6] 
[»4] 

r MalXB^ r Dxd 1 r e Xn i 

I I =A I M-o-H I 

1 MaiYD^ 1 Dyn } 1 e Yd J 

[0 0 3 7] Sot, EG A»*iZ7 h 5 O 2 li±E 

-^ofii^sis: ic*ysks+*. h. ± 

E©»<»HJ**LfcKMMTJUA. oi4E«»5 0 6iz» 

-•V h 5 0 2 li±fB!&5£ 1 IC^oT. ^X/\W±£)£T 
(Ova y h$|iSS An OlSJiJ^Sffi (DEGxru DEGyn) 

(xf^i 05) o stot, ±Effi*fit 

(DEGxn. DEGyn) l:Sot^i/\Xf — v 3 $-X-t" V 
e>^a?1**ltf. ±TCD->a^ hUSSAn 

»U**t4->3 v hH«<DE5UffiSHfi (DEGxn. DEGy 
n) f* % v— ^>Xn > hP~7 5 0 4 <tiaHSP5 O 6 

k\zm.z>tiz> 0 eg A;UJ|:-c»:ai$*tSE5»jffi«fit 

£ (DEGxru DEGyn) £ LfcCDfi. EGA;lItI/|e 

*a*ffli^*:«>fr % tim±<Dm&mmm (degxh. d 

EGyn) iftSLta>E5lJffi«ffi (MAIJcru MALyn) 
x/\±(D±TCDi>3 *v h««l::fc^T«&^L*— SLfc 
1*4*6 -eft* (P*S&i&) o 

[0 0 3 8] Jfclz. >r>X=l > KP — ^ 5 O Ait^t 
<0E5Uffi«fil (DEGxn. DEGyn) CtoT^X/NXf- 

rS^^ft^ (2ndM#) Q ^CD3£S. 1stB3ftT?»ja 

[0 0 3 9] 2ndg3fc4<*£7 Lfc^x/xWIiXT" 

««SAn (D*'bf*ififcttiR/<$— >R Pi fcBJR/< 
£->RP 2 ttflSofc/^-r7^JiE$tL4 0 L4 N 

sa. ^x/\wf4gijifta>assB c^fs^) icjsa^ 

/\°£->RP2 £<DX. Y;£rS](Dt£m-f*lfiA V x . A 
Vy£ff;Uf£ (Xf7?107) 0 d CDcfc 5 lCfbl1 $ 
tifcva h fiasco "TttM A V x. AVyfi, /j-^U 
— * Kcfc y A*S« 6 3 LTISSSP 5 O 6 IC A* £ 

ft* (Xf7^i08) o ft. /<— -7it;Hf43t^Mlc 

froxti. a«i3cfcyfroT*,a<. -teDgmawL at 

Sfiffil-efi^-^U— $4</<— — 7tf;l(lfil (AVx. AV 



y) ££$fl»^B5 OfrA*-r^)t,^<t Lfc4<. 0H^!4 
FIA^2 0^fflUTA--7(Z)SS, H-^£fr5cfc5 

A^"T>5^rBl4<*lt^<tl*ofcfiJiSA<feSo 

[0 0 4 0] SfcCl. 'MUU 5 O 5 l£Ett$P 5 0 6 4* b CD 
/'C— -Ttta?ftA V x . AV y< i: % 2ndR3tT*J« 
fc*>3 h*a<DE9JM«ffl. -r^t>*>EGA>H#lLX 
^ h 5 0 2-e«ffi£;KfcE5WS«fii (DEGxn. DEGyn) 

<DE$Uffi«ffll (MvExn. MvEyn) £S£iJ-r&o :ct\ 
A— — TttilUfiA V x v A V y lift *±.(DE5Uffi«fii 

(DEGxn. DEGyn) \z'<St*oX&W£ tltz 2ndv 3 v 
^ >RP2) lc*rr& 1 st->a ^ hUtt 

(i^\ o $->RPio <DfiM-rti*$aLTu^o fit 

oT. ff*±(DE5UffiafiI (DEGxn. DEGyn) I^^LT 
/<— — 7W-SH1A V x. AVy$t7-t!7h(i:LtJD^ 

£C y. 1 stva *y HI«a>X<DE5iJffi«fil (M 
VExn. MVEyn) ^»a-r^o ^+tfclH^iffi#fl 
(MVExru MVEyn) fiEUffl 5 O 6 dffitg£;K£ (Xf 

[0 04 1] $ 6fC;H«fiP5 0 8 14. ISiSSS 5 0 9 fC<§ 
$fl$tLyc2ndi>3 *v h««0)SIPg(DE5«ffiSfil (Degx 
n. DEGyn) . *W 1 st*> 3 ^ h««<DK(DEMffiaffl 

(MvExn. MVEyn) eh. A L G ir— $ IBffiSP 5 0 1 dig 

w$*ifc i st>>3 v hm&<Dti$fi±<Dwzmmmm cmal 

xn. MALyn) <t (nSoUT. 1 stv 3 *v hpl^ES A1st 
t 2ndi>3 y hM^S A2nd CDfita-&t>t!:^^ (^<^7 

h;uv) **>a K««Sic»«f l. ^o>««fte**a 

H9S#RBLrlB*lcBlWr*. S9(cfcL>T. jSDI* 
1 st->3 h««<D»W-±<DB3t<4» CffiWliDxru D 
yn) . jftMALttl stva «y hMH£ (j^MI) (Dlt;l«±CDS 
Tfc&M (^^fiSMALxn. MALyn) . ^DEG'*2ndv3^ 
h^SA2nd CDH^(D^5t<iM (ffiSffiDEGxn. D£G 
yn) . ^MvEi* 1 stv 3 v hfliS Alst (D»(DS5t& 
H (ffilfifiMvExn. MVEyn) JSLtl>4o 
[0 0 4 2] H9^6Me,*N&«t5lC. MiMVE* x &J&D 

l*^MAL4^iSMVE^<D^<<7 h;i/e *Mal4^^5Deg 

h;Uefii st:>3 ^ h^ilES Alst OS(DS7t{iM<l: It 

m OUT. LSA^mt^.S*) JSLTt^o S), LS 
Al§5itf>J%£iiB](D 1 D<h L~CI3\ m?L\£m8 (C) |C 

SAmW^—y h 6 OIC^$ttTL*^l>fc^|C^i:^ 

£%*_£>*i£ 0 h;L,a 1 st->3 v hm&s 

A1st COttaifiii: 2nd->a y h$MHeSA2nd a)S3fei4S 

tcD-T+L. t4^EG AiSa:ir:fcixraS?*^fc i st 
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GAva^hEl) WizZtfoLXZiC&mm (i^T. E 
6ARiti¥5) £^LTl^ 0 Sot, Sfe^;b-fc!-M 

^ ("<^HUv) f4«#«l8ftft*±Bi*-*LSA« 
S h;i,e) <t EG AV3 KEISiBttSE 

G Aii Wh^a) ilCtfSSJu Miff 5 O 5 14 

5 0 6lZ&$fi-?Z> 0 Z<D&^ SI4^X/\±tf> 

±T<oi*av hmmzt$nz>mto'£t>i*:mm. s&ici* 
mwtm^(on±mB (lsari, egaid ^t**, 

mra < . m*.\£±X<D*s a ^ Hiaa)"^ h;u v 
^jSS±fca^LXfc^. h;u v*<:*#i^>a ^ h 

±lzm^i~ & & o iz Ltt^i^o 
[0 0 4 3] W:, @ioj#lirite^tSS 

3 » izol^tk^So ft. cc-eiixf'^ioo 

-1 O9£T0HfE*<Klc«TU ^x/\±(D±T(7)v 

6 2lc|&^$ti^<i: < i: 1 stva v hMa<£K<D 

IB^J^Sfii (MvExn, MvEyn) fcSEftff 5 0 6 
tlXl^ZiOftZo 

[0044] cct? s m9iZ7jk-ttiu<^mmmv\t. m 

h;u v ) ^LSAii h;u 

e) tEGAlf (K£ h;Ua) t\ZftmX$Z> 0 fto 
LSAI1 (K>7 H;u e ) tEGAif (K^ h;Ua) 

GAva^hlBM (cct\ EGAv3 7hSitfit 

t EG Ava ^ HB«0)#^fcoL^r-€-a)jfef*$SaL 
&*><b, ftftfr L S A Si^> EGAKi$*/5al/ 

[0045] LS AjUSjl-^ h60|;ifcl^TV 

K8 H;be) I4/J** <fc4l4r-cfc*. 



LSA»»iH-«Hr/J**l+*U** SiE^#T*S^ 
&8*<m*ftTl^<hS*£ 0 &I3LS AglM#;*:£l+ 
*tf4. @IE^^T*^^fflg^fTt?+iTLN*if4m7L 

[0 0 4 6] ::t% **&0Ui::&t^TLS A;ga:j-= 

^ he o-ca>«-s-fliaftfrti4. mmtiiT)\,z}t)x 

a. r;uzf uxa ■ X7^fxi/^k h*s 

'^"ClSSS+lfc l/^;ra7-fXL, 08 (B) |Ctf 

ris^L. #x^xu^ur(D3£*<t^co5$£3fc<fc 

£>o fit, ^X^-fXU^^n^CDSSlzft-^tNT. 7 
;UzTUXA- X^XUK;ur|£££;Kfrl^;UJslT<7> 

[0 0 4 7] tSXs S-T;1^gP5 0 5l4IBtIgS5 0 6^ 

^iHiSatfUL. LSA;H»az7h6 0(?)f§teI 

Uf^200) o LSA;HI 
he 0f4fi#^— ^IB{S§P6 2^b;Kif-^J 

filMALxn. MALYn) *%&TfZ> Q L^^>^. Ztib7» 

^tta««»4ALG-r— *IEM»5 0 1 lc»tA**iS 
(7f'>?2 0 1 ) o 
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[0 0 4 8] £Rff8ff5 0 514X^^2 0 1 

«>fciB5>Jtf«fit (MALxn. MALyn) IBff3J5 0 6*> 
Z>Wifr& LfilO^iJSgl (MvExn. MyEyn) t\Z& 
OUT. i>3 V haggle LS A^M C<*h;Ue) £ 

^tB-r^ti tic. §y 3 K««0>'<* K;Ue^S^ 
gl6 4i:$^t5 a ZCDcfc 3 f-3JfcH 2F4xfc L S API 



2 0 2) o Lfr&'&^ mnUS 0 5\£^>#>yf $ IZ 

outvSal/- zsa>tfftt>*itzfr : gfr$:mmirZ> 

OlcM^>o ;HSSP5 0 5li. v = aU-y3^|l7t 
S*tXf7?2 00-2 O 2$g|yjKLSItTL. £T 
OS#t'i>5a U-V3>^i7 LfcB#^T*^(7)X J r ^ 
^20 4(Z^t^ 0 IB1SSP5 0 6IZ^^iS^LTfc 

;M«7^a'jXA L< liffiiy- KB) 
WStlt S«fc3l=16£LTfc<f£l+T?4,A<* 

[0 0 4 9] ±T(Dft#fil31^|COl^rvSi 

u— va>^*i7LfcB#^r% »J(SP 5 o 5 aettffi 5 

o 6 l:»M* *Lfc#*ttr*fl) L s ASiicl-Jixt, %■ 

is a v hsua-ec&Ls Ammtf&&tts:&m*£Wkmmft 

flKL, CCDlfef* LTLS AiH^J.- 

K6 0fCig^-r>5, (Xf 7^204) o LS 
A;H«J.-^ h6 0|Cfclt-5fi#«aSlfe^fiS^$ 

[0050] tZZX, Xf 7^200-203^1^ 

ffott, L S AKii</|\J < 4&5l^i:/i<fc5 0 $ 

tt-et,. l s ASi^f^L^/hS < &t>fce>u:: 

<t7b<fe^> 0 ^c-c. auras o sitmmmttoitxn 

ftZtitz&isa y hHi^T'CDLS Ag£ (IBltgP5 0 6 
ICttJfl£*lTl*4) ICSO'IN-C. $^>[ZpfL<LSA^ 

5) . S/ 5 a L/-y 3 « y S Lt t L S ARiA</J\ 
*< fce>fcl**Sfzra\ LSAKKDStftfj&ItifilK 
LT. %0>X7?:72 0 6lciii? 0 ±C(D*P#« 

fg^tf+^'hS? < &oTl>£if^l::l4. m^iz^vZf 

2 0 8-s3tt; o ClCT?3tSg&5 0 514. #J*J4±T<D:> 

3 7 L s AR2^6«19i2 (*fcl**Fi9 



fit) c<7>fit^3f^<i^g^ri^^§^|-cfco 

TapJHr-r*«t5^LT«*>ftt^o ft* *HJ£09-C!4 L S 
2 0 6fCiit;ta)<i:-r^)o Sfot, LSA;1l«ZL-^h 

ft (Xx^l 0 3Tr^ft) % £fc!4X^;/:?2 0 0 
-2 0 2iZtSl\XMWz^t>tltzis^ zl is— is a >T*<D 

;H^:$P5 os^ls AlfoStolS^iiLtufc 

l s Amm^mmLxtcDm^Tow^^mmr^^o \z 

[005 1] #|C. 3t»SS5 0 5fi«»«/jN-«j£$ffl 

77^20 6) . ft, SU^S/h-SSittStfC^fcE 
GAlIi:i<^-^;itS)y, d (D;UKfiiSlc«fc o 
TLSAI^ (^^h^e) Zmmft (WT, LSA 

[0 0 5 2] fCt% ;Hft$P5 0 5l4i>3 y K^mcDS 
a>E5»Jffi«ffl (MvExn, MvEYn) SIBISfiB 5 0 6 A^&tt 
^-ffi-Tt ttilC. Xf^^2 0 44^87 Lfc^t? L S 

ttui**ifc*>3 h««a)tfai±a)iB?ijjsaffl (malx 

n. MALyn) £ A L G x — £ IStISP 5 0 1 ^ t>^^fcb 
to CCDPg. ;H*ffl5 0 5l4^X/\i(D*> 3 ^ hli«S 
An WbSaOv3 7 Mliva^ h^SSHe 

sai -SA7 (B6) z*i£><Dm$mmm 

£A LGf- S1S1SSP5 0 1 &tf!SttSB5 0 6C0^^^J> 
*»?t5UB. C?, EGAS! Uf7^104) tH 

-a>*aizj:ysfeSL. cofi^tamgP5 o eiz^m^ 

&o ft. S£«Mr$iJ B fi 2 fr 2 9k CI42^rl ^ijCO^r^J-e 
m<D^L\t z-o)H±vhH\i Si < . m?L\i±xcOzsav h 
l\ 

[0 0 5 3] 
[gfc5] 



(M vkXII -J 



(MalXD i 
II + c 



[0 0 5 4] $ b(C;Hea55 0 5 14. C(D;^^$ftfc^ 
Siff5tJB % CihlSxes i:$fflL^T. ^> a y Vm&Ltblb&L 
±<DW£&\mmM (MALxn. MALyn) C0^^^^TL^. Z(D 
ff***lfcffi«ffl$ (M er xn. M er yn) ihLTfBlf§P5 

0 6iztt<ft-r* o L^sa. >h«$p 5 o 5 fiiamsii 5 o 

GlZfttfy£titz3'D<Dm5\mmm (MALxn. MALyn) . 
(MvExn. MvEyn) JSlIS (M er xn. M er yn) iz&-5l\X 
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v-3 -J KMiSSf^LS AWM (^^h;Ue) £«#rL. 

7) . C(7>*RrFSHl 1$#IBLTRi8t6^ 
Iii9 £Rfc6j£<D*M::oivc2-<5 0 ft* Hi 1 *<7) 

,£M er l*aa5ICcfcoT^&$*i*:*>a ^ h<iH (EIS 
fiMerxn. M er yn) £$LTU>5o 
[00 5 5] Hi 1 A^&§B6A^cfc5lZLS AK1 (K 

(D*C. LSA1I h;be) (D&il&tiift (LSASI 

»ya>«# crtt*>*. JM»»fcj*#**fc 

SAii ("t£ h;i/e) $LSA8BK1 (^ K;u e 
R ) <fc. 7>^if h;Ur) £lw#l+£C<t*< 

■C^-^o 3tffffl5 0 5\t % 3 00)^ K;Ue. oR. r 

l=^0)»«fe*SE«»5 0 6lz*tt-r-B o COPS. # 

>3 hflttCD'^ h>!UeR (Sfcttr) . * L < f*£ 

[0 0 5 6] ft. L S ASBSi (K^ h;UeR ) f*± 

X^X/N-CCD L SAl&l/LS A;HfflL- ^ h 6 0(Dti 

r*Lf2EGA9MttMl (KBMtMA. O) ^LSAgg 
(*«fTMB. C) r*MST-r^Ci:[cj:oT. LS 
ASStfLS A**l-^ h 6 Otf>teMgl£iJ*SJg£*£m 

[0 0 5 7] Ja±0)iSftlCcfcy. LSAllJ.Z7h6 
0r(D{t^ffiS^f*0>g3S*b (MLS AMM<Dg?#r) 

& cfc 5 fc«P o Tlvjxlf . SSSfctf 6 m 9 [C a* L fc,«MAL 

<<C5tt-**T?fcSo ^fcfrtu EGA^i (K^7 h;t, 
a) ZWm-tr&Z. tliEG A;1gS<0*SS£Wffl^<5C±: 

GAHStf;fc#lf4i!£ % EGAV37 MSESA*3SIE£:|& 
i*f::K££*LTl*4£l*S*.-*\ EGAva^hEtS 
MlSt"j&5*<fcSo ^ct?. *|:egaM ("^ h;u 

a) *fcto(z>EGAi/a ^ nBao>aa<bfc 

[0 0 5 8] 3t*S|J 5 o 5 ttffiliSS 5 O 6 S Br 

SCDEGAV37 hIBM (va hSu SLf^^CDeg) 
£2tfaiLT\ EGA;llJ.Z7h502ta)EGAv 
3 ^ hE«£gMW"<5 0 8) o EG 



A)«»i-7 h 5 0 2ttC(DSffcfZgS$*ifcEGAv 
3 v hffiSfc»JSLfc$*>a hfHt(Dftai±a)E5JJffi 
Sffl (MALxn. MALYn) f A LG *r — 5* fBtUSP 5 0 1^ 
bi^aJl, £&IC|ttt±<DE«lftflHit (Dxru Dyn) 
SEXPva^ h7«v?f- £SB5 0 3fr6K^ffito 
ft. A LGf- £IB1gfflS5 0 1 ^&SS^.ffi^"E5lJ^Sffi 
(MALxru MALyn) f£. 5feOXf '>?2 0 4T^gJft 

SL EGAaiffin^ K5 0 2tt#*>3 m«0)E5iJ 
ffifltt (MALxn. MALyn) (Dxn N Dyn) 

T. 560*7 0 4t±<ra«|zJ6«|fT5llA. 0£ 

(Si. C0*a**ifcfc«fTMA. otefBftSP 

5 0 6IZ^$+i^ o S?>|z. EGA;lSiZ7h5 0 
2ttC<D«tt**tfc*»fTWA. OtllBSaUfflL^ 
T\ Ox/\W±O±t0)y3 7hi^SAn 0>E$U£tt 
IB (DEGxn. DEGyn) *«UiL. -tf>jg#38m£IB1f SB 
5 0 6IZ«M-r« (Xf7?209) o 
[0 0 5 9] :&iz s ;1Mfffl5 0 5f*±E<0^< J*fiB**l 
fcEWffi«ffl (DEGxn. DEGyn) <fc. ALGf- * E« 
SU5 0 1 **Stt^ttJLfcE5«ffi«Mi£ (MALxn. MALyn) 

chfrgo^r. i/3 7ha«si:EGARi (^^ h;u 

a) £g:£f3L. *&rz«-> 3 ^ h«a(0K^ h;ua 

^SI6 4iza^-r^> 0 C(D«t5l:IUi**ifcEGAR 

^14, EGAj|lJ.-^K5 0 2l:fiS**lfeEGAi/ 
3 y hEaiZ»j£Mlt&*LTE*ffl 5 0 6(Z^$fi$^L^ 

(xf;?2io) o L^4i, ?H^:gU5 o sit^ishyt- 

^U— ^(Cj:oTIB1tSP5 0 6 Izfft^ tsHtz±X(D B G 

i^SCDEGA^M<7)S[ili) 3&«fT=b*Lfc*ff36^3BBf L 
Uf'>^2 1 1) . C0y5al/-va>A<H7t4 

*T?Xfy^2 0 8-21 0£«yiiLHfT-r6o 
[0 0 6 0] (ft. fBiIS(J5 0 6f^=gSLTfc< EGAy 

3 v vwmm&frt uri*. 5/a* MiBicoivcte^ 

i6S(J6Tfc#. ->a^ h»**H-r4f£ffC*. 

f**us-r*j:-3f3Lrtftt^ ±to>ega-> 

3 ^ hESfcoiNr*>5 3.U— va >3&<H7 LfcB#«S 

"C. 3t»SP5 O 5l4E«ffl5 0 6IC«ttStlfc#*ffC 
(DEGAgSlzS^T, &i>3 ^ hMHtT'COEG A|g 
Stfi*i4SEGAv3y hEISIRL, COIBM 
$fiSI^^<t LrEGAStla-^ K5 0 2i:|SSt4 
Wf7?2 1 2) o Ctf>£g^ EGA;HIa-7 h5 

DEG*^^MAL^*tifi-3<. t L < It-Sf >5 C t fz 
fty. EGAva hESCDS®<b*<fl7-r*o 
[006 1] CCT% fffKlftttStfEG Ava ^ h 

v) (DU^&mi 2. hi 3iz^-r e si 2itm^9ikm 
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JffoTtLSA^i h;Ue) A^SF <& &£rl^ [0 0 6 2] — 11 3-CliLS Aii (K^ h;U 

*&S*LTl** 0 Si 2fre>9§&**fcJ:5l::* fi^-® e) 4</J\* < ^otL^l^, SBgO^P-feX^X/x 

££0 ±E»«i:m*fc^x/\fcn-a«fef* Lx«»$fzii, ^ptxOi/N-eoLSA^i/LSA 

«-cfcy. ^x/\jaaft«:tiH-T?**cfc3b<ia*L ^£*<z>;££*n*3 0 »»f#itf. ±cjftf*a>ttf?« 

l*LR[£Wlc-rsci:#-e£. SS^770>h^ TI:*tM6^-5 0 

3181^4 C£a<nl*6££4 0 £fc. fiLkO)C fcfrt>_LfB [0 0 6 3] 

ftfrA^&S^p-bx^x/xttir. ftif«:{g#4!i9& [|&6] 

f D «cxn' % , , Did, ^ , Dxni 

.J =B A +0 +C-B-A I + B • O + C 



[0 0 6 4] Z0>eS. EGASI (»3C6) 

r. Af»lt±i/3^ hf!4t(Dttt|-±<DE9<Mtt (A 
D) tfADEG' -Tft^EG A;H»»Jg 

*fi]±*1±*;:i lefty. Sto'&tp-t*!^ OSmve^jS 
Deg' £<0S&£t) $^S<t4^ti<t*#4. r*k 
6liva *v h^tt<DK<7)E9Jj£8Hi (MyExn. MyEyn) 
£l£ff±£)IE£iJffi*i{ii (Dxru Dyn) k&mi^X. EG 

Aaw*i=fei+*wftffwt*tt-r«»*t*< set? 

[0065] ei±a>ay**it«izfei^Ti*. lsai 

M h;Ue) ^EGAiSM hJUa) 0v/=a 

(0(f§fflI^EGAva7 hIEfi£fE1tSP5 0 6|: 
ttttLTt><CifcLfc^ «7Ltft^U-$ (*fctt 

;H®:SP5 0 5) tfLSAia«EGAKi(0i/5al/- 

*>3 >36<ffsb#L*fcI/l=. fOS/SaU- *>3>ttXC: 

i-S L^TfttDBWl E G A a 'V hIEg£i&£ 
-?&£?\^L. C(D*S*^it$LS AXJF^-X 
h 6 O^EGA;HIiZ7 h 5 0 2lr*f LTtS^-r-Scfc 
^(eLTttifrftl^o C0)il^lzte, LSAii^EG 

AB8©v5ab-$/3>©@atf, ±fdmmm\ztt<< 
x '> * < ft y f# * <t 1 ^ fij *s & s o 

[0 0 6 6] LSAli (K>7 h;be) (D~> = 3. 

0) *fT5(S. ^X/\±©tt»<D->3 y h«ttfl5 + A* 

8 (C) ) Jg^gi6 4(ZiS^£l±£c*:5l:iLT*,& 



Si^JtSva^ ha«ttioi?fcorti*?ftK 

[0 0 6 7] EGA^f (K^ h;u a ) CDS/ 5 

ib-V3X Wlc E G A v a V hiHStD^M (X-r-'V 
^208) ^^t5SS. *l:v = ab-v 3 >^^t5-<^ 
E G A 3 HE1IC»|6 Lfctt»a)i/ 3 7 h«« (* 
fcl*^X/\±(0±T<7>->3 V h^lgE) CD^^8 % L^<0 

^cDi>3 v hmm (*fcttirov3 hMi^-etS: 

t^) ^StRL. d(7)SS?Lfci>3 ^ hffi^T'CDLS Am 
M (^^ h;Ue) . LSASBSi (^<^ h^UeR ) . 

Rif^^P^mm h;u r ) o>o~t><D'l?U< ti> 1 

o Um.^'fi o £ . EGA^i(Dy$aL/-v3>|:te 
^U-va>«^J; ya&-rcirA<prte(C3S:St 
[0 0 6 8] CJItimcfcfc^ 

*tTL^ftjSfc<7>va h»«S Al -S A7 CD^-Ctg: 

•>a^h««S. ^to^SiffMB. c^»:aj-r^<Dic^ 

L^*«si/a ^ h*^&»<-rs«fc5f3-rtttf. cfcy-s 

«JSa<^«fi L 5iJB. C&Mlti-rz>zki!)<*im£tiiZ>o 
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3^h^S0>gJHt (v = aU-va» £fr5KH::* 

EGAV37 h t LTfiSE L&l N <fc 5 EGA 

tftirfcy. ^MI^^P-b^^x/\-ecDEGA;1IS:mS 
^<foJ±-r^). tft^it0y3 v h%.m^t$^X EG 

[0069] ££>[C X EGAya'>hlEl0y=aU- 

€>fcl*i§^fcl4* 0O*l£^x/\jL(Di>3 hfli££l>< 
o^CD^P^^fc^lf. ^^P^^SirEGA^W (3E 
&fr*iJA. CHBSiiS) £fr?C<!:<!: U ^P^^mfiT? 

ttB-r«e/3 v ^mmo^^mm fci=»i+. eg 

OtfeaSJtifcEGAva^ HBBKttoTSaSO) 

^P-tz^^l/\t*EGA;1lg^T5(l:, »2««fi0)y 
Hl^C0^ > P-feX^X/\TM4m2Mi|SP^(Dv'3 ^ hM^IC 

[0 0 7 0] ±IB*Jfiff»J-Ctt ; ?«>IB««P5 0 6 

izw>fe£*itz±xo>m^i&m&ft j (> egav37 kiss 

0 5 (Sfcte^U— £) 6<#ftf*fc»ltttl*&Jh.TiB 
1SSP5 0 6IC»|ft*ttfc*>5 : >3 

T«a«*f*£a«?U coaiRLfcftfr*LSA;HJ|: 

a.-^ h60^EGAiIaZ7 h5 0 2fr#LTt8S 
LTl^fc 2 1 2) o U&*Lft£<&. 

WAfi^U — $ (^fcl4;H^gP5 0 5) ^LS AfgM 
^EGAii(Dv = ab~ *>a >A<ff*5+lSfctflC % -?* 
Ov5ib-v3 £ BEf cCttffi 5 O 6 Izfejfl $ *i 

TI*4*>5il U— v3>eSi:£It«U v5iL/-v 
3 >$£^7b<&< &oTl*4* t6^LSAlg«EG 
ASSAYS < ftotUiSfiO)^ IBttSP 5 0 6 

(±Bftft|::SJ6f* If £>*lfc v £ a. v 3 > 
££Jg) <D«& (JCSr) £f7?J:5l=LT*tt3bttl\, d 

5 0 6(7)^^— ^lZ^oTIt*>[wL S A3MUL=? h 

6 O^EGASIaz^ h5 0 2l=Klftfr«ttft-C# 



tt05 O 6lr»ttLTt><«&K4<4L^CD-e. ^CDlBtt^ 

EGAK«4«/|\* <3&bJ&t^i§'&. LSASganvh 
6 O^E GA^Sa- y h 5 O 2 ICl*g^(rff^*lfc-> 

^0>f5L O 5!*C(DS^a)lfef*"eCDi/5 a. U— 

2/3>«**IB»«5 06IC»|ftLTfc< Cir^iil 
l\, 

[007 1 ] £fc. @5IC^Lfc^P-^^— hlcfciN 
TI4* X^t^I 0 2(/)$IT^^0x/\±CD^Ta)->3 

7^:71 0 3T?l4£»fT5flA, O0)ftglZ!eStt*>3 ^ 
Xt*;?1 0 6lzfcI+*2ndB3feta£ffLT-7— - >ffl'l 

[0 0 7 2] ftliLlfKHVl -1 793 1 7§ 

-x>r^p^/\ 0 — (S&fzttgij»(Dtt*3S«*) £-< >^ 
-f>ftt*itf, ±l2*tt«T?<Dttft£±-ceiMb"T?«N 

^) *T*t^^fr (*«Lfc) Ste^^-y-MMcDS#f. 
at/«#«BSftft-\bEGA'>3 *y hiBacOSiS-lb^ff 5 

[0 0 7 3] m±COll^S^J|ZfcL^T^iEG A 

xCfiEGA^xC (*6IZI4»/Jx-*^) (Clg^tL^tO 

Ln 0 STfemTl^^x/^^cDX. YSlX0*s^P](Da 

« is ft s- fr a z 1 1 z o t -t co s fa « t> -e a a * g? «f 

h • / W - V^f ±SSH££0yicfc[+*^DEG 
fcjftMALt**— 3k-t2>Zt\ztsZ>tzib % T=?^ * > h-tr 

ic«fc£-7-*tt««mB*ic±i:»<6Ka (lsa 
[0074] sfc. ^fB^JS^j-ciiy^-ry > h-tr>-9- 



mTZ>ZttfV£Z>o t^TTR^S, TTL^ 

»^ICSLT 2^|oj^&i3 t-U> hfcWrt:— A£H 

0)I[B»[z«fcyi§I«r*^ -BBSf* (T;$3fc) <D 

Laser Interferometr ic Alignment; L I A^i:!? 
S) Zmi^Timttl^o ccD^xElrii. 2 

oyojaoL i Am*. ^x/\_t(Di9]Sft&^^?>(D 

<£fiM (±1 8 0° ^feS^tlZcfey. }§Tfcf 

(2P) C7)± (2P) /4\>m<D&m?*l$:tkftir 
£t(7)T*fc£o ft* C0)»ai^«JiElZOLxTtt. #J*_l£ 
^i¥2-2 27 60 2§, lf:lM¥2-27 2 3 

fc£ 0 KT* HI 4. mi 5J#ILTF I LI 

[0075] HI 4 (A) l£FIA^2 OIZ^oT^iaj 
J^lS^XAT-^WMl aMSHPSSL. HI 4 (B) 

I4*0)i*»&;h,4H«ffi#(BiK*£«^o HI 4 

(A) fCTF-T^ 5(3 F I A^2 0 (^H*a)««JR^) 
14* ^l/\7-^WMl (D3*c7)A— V— ^tfg^V — 
^FM1 * FM2 £0>&£^SfgV LlCittoTSfiMl:: 

^S-T^o COB. 1 *0)^Sfaf£l+ri4s/Nj£<D£ 

-e^fij^o-e. tTt*>?u>^«vsA (—AM 

l>o Hi 4 (B) iz^Jz 5 l3H^ft-§-[r li . SSfflirJi 

i^-^FMi . FM2 a>#*lC»JfcLfc»»«#*<& 
F I A;lSa-7 h6 1 liC(D$18P»JX7-f^ 

£o ft* — ^?FMi . FM2 <D#*6fiaS*tt 

Sftt^yir. ^ fmi o>*x^s;fc}ia-7— ^ 

4 (b) \z7r.-t<k o izm&m^tcDmztf. 

rfcy* f i Aifa-*; h 6 1 f4x^-r xu^us l 



7->?ttH4ixc tOiAx (=xo ~xc ) £«as 

L* F I A^2 0(DSS^l:^I/\7-!7WMl *< 

fiS&tf) £ nfc i: ^ CO ^ x / \x -f- — i> 3 c7){£a <h % <D S 

[0 0 7 6] ftoT* ±fE<7)ifl#F I A&2 Ofrfcl^T 

A. X7^Xb^SLi (Wfftt) * =J>h^XhU 
£ *;/ hfl* Sl/ffllSy— h<BG x (H*±t?<7)ifflG xt7> 

ESLT* /\-7-?OJirA fix Lfe& 

»BU#BS1U BSlR<tBS2L^ BS2R£c7>5*>* OW 
^D- ^BS1L^ BS2RO^^ffilN^^— K* rtXP 

BS1L> B S 2R% &tfrtxn — ^BSjr. BS2I_£SH X 

[0 0 7 7] ^IZ. HI 5?#SLTL I A^ (ft\Z^ 

-r n^-r -C?(Dii-§-fll31^(roLNTiJilS-r*o 
Hi 5(r7F-rcfc5rz. ^X/\±c7) 1 ^7C(7)lE]»f*&^WM 
2 iCjtfLT* itaiA f (D2*(D=J t — U> h t: — A 
(^fT**) BM] . BM27b^M^ (2^0 ) "CASt 

7f2P) Ol^TtCO^F^l F*<fE£;tx£ 0 

Mi fi4 % iiist»^wm2 a>e^^*iRii=sa«»A f 

(3»JCLT»»-rsctfZ3B:y % ^(DigJtVf4V = A f 

. P^^^^xeT?g$+L^> 0 [HlSf*S : 5 L WM2 

frSteHl Sfc^f *5#I38T5fcBi (-1). B2 (+1). 
• • -tfflSife-*-*. ». «*1. 2l4A»e— ABM 
1 . BM2 <hCD^nE^SL. *^3rt(Da^f4ia»r*» 
SSLT^I>o L I A^T*l4?tlftA XlZ : ,G^X& 

ft*rs± 1 %B19r%Bi (-1). B2(+1)cD z F;$5fca>7fcm 
«#fc. 2*0)31* e—A^6»|Jfc^S*ifc#RBfflT 

£*$ajLTl^ 0 *fcf4. 0^il]Sf*B2 (0) <t-2* 
HftdfcBi (-2)ta)T»*0)3t««^i:*IIHffla>**« 

1 (0) t-2*ElSr*B2 (+2)t(DT*36<7>*«fi^t 
»IMa)Xtl4i:0ttffii»6ttlll Lfcttirtilt 

[0 0 7 8] «£oT. ±IH(7)*D^L I A^tr^MpI^^ 

0iFr5tBi (-1), B2 (+1)im^4*1 ^E— h\ 0*0 
ff5tB2 (0) fc-2*H»faftBi (-2). Atf0 2kBISr% 
B1 (0) fc-23fcE&rjfcB2 (+2)Sfflt\4»2^— h\ 

* ^fci4m i ^ — KtS2t- Kt-eoTasitcDSijs* 

3^E— Kt*<fey. L I A^CDgiljblzBLTI4C03 
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6o 

[0 0 7 9] *HS£«"ei4K0)E5>Jffiaffl[ (Mve 

xru MvEYn) §gU30)/\— -7 (0 

4) £EH*TUfc*<. fl]*J£0 1 6 (C^f £ 5 & 2 

— >8k "f ft:b*>i:^M£ — > (RXia, RXib) 
Stf ( R Y 1a- R Y ib) £I0R/<* — > (RX2a^ RX 
2b) (RY2a. R Y 2b) SffilCcfc^-T 

) Kfcl^Tflg^Ofifi-rtl* (AVx. AVy) 
«*Ji*#B8¥2-3 1 1 4 2#^aicBB^aF*LTL^4<D 

icT»Lxfcy. ^j^.(ix^fp]cDfia-rtLeA v xi*. 

5^LfcS&# (MM) OEHlLy^W-ai-rsztlcJ: 
or. AVx= (LY-Ly) / 2 • tan ( or / 2 ) ft& 

iijR/ - > t x * a ic^s-r^i-r s d t ft < iewic 

Bto^*>1*#m*Kfc£&<DE« (»tH») Tfc^o * 

— >Sl/liJR/^— >t LXti>\~ms (A) * 
MPm (SftfiS) fcl+BLT^x/\±|cte^*itf % 

a>iBiw*tfaiLTiwt«t ctizcfcy % ± 

ib t H«f= aa-r^s s- s mtm-? z^t t ft 
[0080] ^tzs ±tzmmmv\*Ls AZtvcDm^tn 

^□-tzX^X/xlcot^T F I A^-^L I A^T't^-CT^t 
Hz>-y— *«JRU > > hir>-^-^^P 

mtu&o &tzs ±mnmmx+\t3ER/<i$— >rpi t 

giJR'\°£— >RP2 fcSB— U^^ib±IC»fltL. 

<7 ;u£ W£ffiKf£lt?Hft C <k lr J: oTlfe^^t 

gft^fr? C 1 1 Ltztf. S&ft*<£>JLSB2 0(D/\ 0 * — 

— >RPi £IiJR/\°£ — >R P2 tli^XhU^ 1 

[00 8 1] ±e£tt«T?l*B5fcA<»7LfcB# 
^-COx/\0)lf, x^>>fj[ig£friv ^x/\_t<D 
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